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O0mue MeToauYecKUe YKa3aHUS

Hacrosmee mocobue mpeaHa3sHaA4YeHO JJIS CTYACHTOB BY30B, M3yYarOIIUX KypC
KOJUIOUHOM XUMHUH.

[lenb qaHHOTO MOCOOMSI COCTOUT B TOM, YTOOBI TO3HAKOMUTH CTYAEHTA, UMEIO-
IIeTO JOCTATOYHbIC 3HAHWS MO (DU3UKE U XUMHUHU, CO CIIOCOOAMH KOJIMYECTBEHHOMN
OIICHKH CBOMCTB JIUCHEPCHBIX CUCTEM U MPOTEKAIOIINMU B HUX MPOIECCAMH.

[IpuBeneHHBIE TPUMEPHI PACYETOB OTHOCATCS K 00JIaCTH MPUKIIATHON XUMUU
U JIOJKHBI CIIOCOOCTBOBAaTh PA3BUTHIO AHATIUTUYECKOTO U JIOTUYECKOTO MBbIIILIe-
HUS, UCTI0JIb30BAHUIO 3HAHUM B BBHIMIOJHEHUN HAYYHO-HCCIIEI0BATEIHCKONU paOOThI
Y BBITTYCKHOM KBAIM(UKAITMOHHOMN pabOTHI.

C uenbro 00JIeTYEHUs PACYETOB B NMOCOOMHU JAaHBI MPUMEPHI PEIICHUS TUITOBBIX
3a/1a4, a JOCTAaTOYHO IIUPOKUM HAOOp 3a7ad JJIsI CAMOCTOSITEILHOTO PEIICHHS T103-
BOJIICT MHWBUYyATU3UPOBATH 3a/IaHUS.

KosutoniHasi XuMusl IO CBOEMY COJICPKaHUIO SIBJISIETCS HAYKOM O JMCIIEPCHBIX
CHUCTEeMaX M MIOBEPXHOCTHBIX sBJICHUAX. [10 yueOHOMY IJ1aHy BY30BCKOM ITOJTOTOBKHU
OHa 3aBepIIacT MUK OOIMEXUMHYECCKUX TUCHUIUIMH U SIBISCTCS TEOPETUUECKOM Oc-
HOBOM CITEIMAIbHBIX JUCIIUIIINH.

Ecnau xumuyeckue AUCHUIUIMHBI JalOT 3HAHUS O CBOMCTBAaX BEIIECTB, TO MpPEj-
METOM U3YUYEHHUS KOJJTIOUTHON XUMHHU SBIISIOTCS CBOMCTBA U 3aKOHOMEPHOCTH TOBE-
JICHUSI peabHbIX TEJ, COCTOSIIUX U3 Pa3IMYHBIX BemlecTB. KomonaHo-xuMmuueckue
3aKOHOMEPHOCTH MPOSIBIISIOTCSI B CAMbIX PA3HOOOPA3HBIX OTPACISAX MPOMBIIIIEHHOTO
U CEJIbCKOXO3SIMCTBEHHOTO MPOU3BOICTBA, PACTUTEIILHOM U )KUBOTHOM MHPE, a TAK¥Ke
MIPaKTHUYECKU BO BCEX chepax JIesITeILHOCTH YEeIOBEKa.

N palMOHAJIBHOTO YMPABICHUS TEXHOJOTMYECKMMH MPOILIECCAMU HWHIXKE-
HEP-TEXHOJIOT JOJHKEH BIAJICTh 3HAHUSIMU 3aKOHOB, KOTOPBIM MOJIYUHSIOTCSA TE€TEPO-
T€HHBIC JHUCIIEPCHBIE CUCTEMBbI, U yYMEHHMEM KOJMYECTBEHHO XapaKTEepHU30BaTh M
omucaTh MX CBOWMCTBA. Takas HEOOXOIMMOCTH OYyJET BO3pacTaTh IO MEPE COBEP-
IIEHCTBOBAHUS TEXHOJIOTUUECKUX MPOIIECCOB, MOBBIICHUS KYJIbTYPhl IPOU3BOICTBA.

B mporecce oOydennst y KaKI0TO CTyACHTA TOJDKHO OBITH CHOPMHUPOBAHO XU-
MHYECKOE M IKOJIOTHYECKOES MBIIIJICHHUE.

CTyaeHT BBINOJHAET OJHO KOHTPOJIbHOE 3ajJaHHe, KOTOpPoe COCTOUT U3 6
3aga4. Homep 3aganus BoIOUpaeTcs no nocJieaHei nudpe 3a4eTHOH KHUKKH.

[Ipy BbBITIOTHEHUU 3a7aHUs JOJDKHBI OBITh JaHBI MOSCHEHUS K BBIOpAHHOMY
CrocoO0y pelieHrus W YKazaHbl pa3MEpPHOCTH BeIWYUH. ['paduku NOTKHBI OBITH
npeACTaBlIeHbl B MaciiTabe U Ha MUJUIMMETPOBOM OyMmare.

IIporpamma kypca «Kosutongnass Xumuspy

[Tonsitue o xoywoMAHBIX cucteMax. OCHOBHBIE OCOOCHHOCTH KOJIJIOUIHOTO
COCTOSIHUSI: T€TEPOTEHHOCTh, BBICOKAsl TUCIIEPCHOCTh M OOJIbINas yJenbHas MOBEpPX-
HOCTh. Kitaccuukaius AUCTIEPCHBIX CUCTEM MO pa3Mepy YacTHII, IO arperaTHOMY
COCTOSIHUIO TUCTIEPCHOM (ha3bl M NUCTIEPCUOHHON Cpebl, IO XapaKTepy B3auMOJICH-
CTBUS MEXIy AUCHEpPCHOW (a30ii W TUCTIEPCHOHHOW CPEJoH, MO MEXaHWYECKUM
CBOMCTBaM. 3Ha4€HUE KOJUIOMJIHOW XUMHH B IPUPOJIC ¥ HAPOJHOM XO3SIUCTBE.



[ToBepxHOCTHOE HaTskeHue. YpaBHeHue ['nbOOca-I'empMrosbua ajis moBEpX-
HOCTHOM »Hepruu. bosbiioi 3anac cBOOOIHON MOBEPXHOCTHON PHEPTUM Yy AUCIIEPC-
HBIX CUCTEM U UX MPUHIUITHATIbHASI TEPMOMHAMUYECKasi HEPAaBHOMEPHOCTh. MeTO bl
onpeeeHus] MOBEPXHOCTHOTO HATSXKEHUS. 3aBUCUMOCTb MOBEPXHOCTHOTO HaTskKe-
HUS OT Pa3IUYHBIX (PaKTOPOB.

[ToBEpXHOCTh JKHMAKOCTb-Ta3 M KUIAKOCTb-)KUIKOCTh. [loBEpXHOCTHOE HaTs-
’KeHue pacTBOpoB. IloBepxHOCTHAasT aKTUBHOCTb. AJICOpPOLMS  MOBEPXHOCT-
HO-aKTUBHBIX BeIleCTB, ypaBHeHUe ['n00ca, BpiBOJ U aHanu3. [Ipasuno TpayoGe.

VYcnoBue pacrekanus xuakocreid. Koresusa u aaresus. CMaunBaHue, KpacBol
yroJ, ruipooOHOCTh B TUAPOPUIBLHOCTS TOBEpXHOCTEH. CTpOCHHE M CBOMCTBA aJI-
COpOLIMOHHBIX cyoeB. ['a3000pa3Hble M KOHJEHCUPOBAHHBIE MOHOCIIOH. Bechl
Jlearmropa. OpuenTanus qudUIbHbIX MOJICKYJ MeXKTY (pa3zaMu.

AgnicopO1usi Ha TpaHulIle pasneina TBepaoe teno—ra3. [Ipupoaa aacopOLMOHHBIX
cuwl. Ou3nyeckass 1 XUMHAYECKasi afcopOnus. DOMIUPUUECKOE YPABHEHHE HU30TEPMBI
aacopOruu. Teoprss MOHOMOJIEKYJIIpHO#M ancopOruu. BeIBOg M aHamu3 ypaBHECHHUS
JIbarmiopa. Teopus nmonumonexkyisipuor ancopOuuu. [Ipumenenne ypaBuenust bOT
JUTSI OTIpE/IeNICHUS TIOIA I TOBEPXHOCTHU aICOPOEHTA.

[ToTenmanbHas Teopus aacopOUUU U TEOPUs OOBEMHOIO 3alOJHEHUS MHK-
pornop (TO3M) M.M.lyObununa. XapakTepucTHieckas KpuBas. Y paBHEHUE acopo-
muu TO3M.

ArperatvBHass W CeAUMEHTAIMOHHas (KUHETUYECKas) YCTOMYMBOCTH JIHC-
nepcHbIX cucTeM. Ponbs cTabuimsaTopa B mpoliecce MoTydeHus: JUCTIEPCHBIX CHCTEM.

BbpoyHoBcKkoe nBUKEHHE, €ro TeroBas npupoaa. Cpennuii casur. Giykryanumn
IUIOTHOCTH B KOJUTOMHOM pactBope. Juddysus. BeiBoa ypaBHeHHs DUHIITEHHA 11
korddunmenta auddysun. CBsi3b MEXKAY CPEIHUM CABUTOM H Kod(hduimeHTOM
mudpdy3uu. CeauMmeHTamoHHO-IU(PPy3rnOoHHOE paBHOBecHe; ypaBHeHue Jlammaca -
Ileppena. Cenumenrtanus. OCHOBBI CEJUMEHTALMOHHOIO aHalu3a. YJIbTPAaLEHTPU-
¢dbyrupoBanue.

SABnenus1, HaOIOJAOIIMECA TIPU TPOXOKICHUU Jyda CBETa Yepe3 JUCIIEPCHbBIC
cucteMbl. CBeTopaccessHue U METO/Ibl €ro HaOmoAeHus. Y paBHeHue Pases, rpaHuisl
€ro MPUMEHUMOCTH, ero aHaiau3. CBETOINOIJIONIEHHE KOJUIOMJAHBIMU CHUCTEMAMH.
VYpasuenue Jlambepra-bepa. Ontuyeckas minotHocTh. Onpesaenenue pazmepa u Gopm
KOJUIOUIHBIX YaCTHUL ONTUYECKUMHU METOJAMHU.

[TonydyeHne AUCHEPCHBIX CUCTEM METOJaMHU (PU3NYECKOW U XUMUYECKOM KOH-
JneHcauuu. MexaHu3M U KMHETHKa Ipouecca KoHAeHcauu. [Ipumepsl XuMuueckou
KOHJICHCAIUH, (OPMYITbl MULIEILI.

Koarymauus KommougHbeIx cucTeM. SIBHast M CKpbITas KoaryJsinusa. I[IpaBuna
KOaryJisiiuu 3JIEKTPOJUTaMHU. 3aBUCHUMOCTb CKOPOCTH HA4yaldbHOM KOAryJsilMM OT
KOJIMYECTBA JI00aBICHHOIO JIEKTpoJuTa. MeieHHast 1 ObICTpast KoaryJsiiusl.

DNEeKTPOKUHETUYECKUE SIBJICHUA B KOJUIOMIHBIX cUCTeMax (3nekTpodopes,
anekTpoocMoc). IloTeHnnan MOBEPXHOCTH YACTUIBI U AIEKTPOKMHETUYECKUN MO-
TeHuuana. AncopOunoHHbiii noreHuuan no llrepHy. 3aBUCUMOCTD 31€KTPOKUHETH-
YECKOro MOTEHIMaia OT MPUPOAbl IPOTUBOMOHOB U UX KOHIIeHTpaluu. [IpakTuueckoe
UCIIOJIb30BAaHUE JIEKTPOKMHETHUECKUX SABJICHUM B HAPOAHOM XO35UCTBE.
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1. /MCHHEPCHBIE CUCTEMBbI

UToOBI SICHO TpeICTaBUTh ceOe, YeM 3aHMMAaeTCs HayKa KOJUIOWIHAS XUMHS H
YTO TPEJCTABISIIOT OOBEKTHI €€ UCCIACAOBAHUM, CTYACHT JIOJDKCH YSACHUTH MOHITHE
«KOJUIOWIHASI CUCTEMAY, SBJISIOIIEECS AaHAJIOTOM MOHATHUS «IUCIIEPCHASI CUCTEMAY.

CoBpeMeHHas KOJUIOMJHAS XHMHUS — 3TO HayKa O CBOMCTBAxX Ie€TEPOTrCHHBIX
BBICOKOJIMCIIEPCHBIX CUCTEM U O MPOTEKAIOIIMX B HUX MpoLeccax.

{11 0OBbEKTOB KOJUIOMJHOM XHMHHU XapaKTEPHBI JBa OOIIUX MpPHU3HAKA: rere-
POTEHHOCTh U AUCIEPCHOCTh. DTU MPU3HAKUA ObUIM BBIJCIICHBI OJHUM U3 OCHOBOIIO-
JIO’)KHMKOB oTeuecTBeHHOM KomnouaHoi xumuu H. I1. IleckoBeiMm eme B Hauaje 30-x
rofoB. BelaerieHMe 3TUX NPU3HAKOB IIOJHOCTBK) COOTBETCTBYET COBPEMEHHOMY
npeACTaBIeHUI0 00 O0BeKTaxX KOJIOMAHOW XuMuh. OHU TIO3BOJISIOT PACIIMPUTH
00BEKTHI 3TOM HayKH M B TO )K€ BpeMsl YCTAaHOBUTh WX TpaHullbl. Bce ocoObie cBOM-
CTBa, XapaKTepHBIC 1 OOBEKTOB KOJUIOMTHON XHUMHH, SBISIOTCS (PYHKIMSIMU WM
CJIEICTBUEM I'€TEPOTEHHOCTU U JUCTIEPCHOCTH.

Menpuaiiiye 4acTUIIBI JUCTIEPCHON CHCTEMBI — HE MOJICKYJIBI, a TOpasio Ooliee
KpyIHBIE 00pa3oBaHUs — MHIEIUIBI (arperaTbl U3 MHOTHX MOJIEKYJ). ITH YacCTHUIIbI
MOTYT OBITh KaleJIbKaMu KHIKOCTH, PACTIPEICTICHHBIMHU B 00BEME APYTON KUIAKOCTH,
WIM MaJCHbKUMHU KpHUCTAJZIaMU BEILECTBA, Pa3ApOOJICHHBIMU B Ta3e, >KUIAKOCTH,
TBEPIOM TeJie, WM My3bIpbKaMU Ta3a, HaXOIIUMUCS B 00beMe KUIKOCTH U o0pa-
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3YIOLIUMH C HEl MOBEPXHOCTh pasnena ¢a3. Jlrobas moBepxHOCTh pa3aena (a3 obma-
JaeT CBOOO/IHOM IMOBEPXHOCTHOM SHEPIHE, TaK KaK MEXMOJIEKYJIIPHbIE CUJIbI CLIEI-
JIEHUS! B IOTPAHUYHBIX CJIOSX HEOJIMHAKOBBI.

['eTreporeHHOCTh, WM MHOTO()a3HOCTh, BBHICTYNAET B KOJJIOMAHOW XMMHUU Kak
NPU3HAK, YKa3bIBAIOIIMI Ha Haauuue Mex(a3HOW MOBEPXHOCTH, MOBEPXHOCTHOIO
CJI0S — OCHOBHOTO 00BbeKTa 3Toi Hayku. KoymowmHas XMMuUsi KOHIIEHTPUPYET BHH-
MaHUeE B MEPBYIO OUYepe/lb HA MPOIIECCAX U SBJICHUAX, IPOUCXOIAIINX Ha MEXK(Pa3HbIX
IrPaHULAX, B TOTPAHUYHBIX CJIOAX.

Bropoii npuszHak 00BEKTOB KOJUIOMAHOW HAYKU — JUCIEPCHOCTH (pa3apol-
neHHocTh). OHa onpeaenseTcs: pa3MepaMH Tella [0 TPEM €ro u3mMepeHusM. Jlucnepcun
BEIIECTB MOT'YT UMETh CaMyI0 pa3InuHyio GopMy: chepruecKyro, HIUINHIPUIECKYIO,
IPSIMOYTOJIBHYIO, 4 Yallle HeNpaBUJIbHYI0. {1 HArJIsgHOCTH PacCMOTPUM PHUCYHOK
1.1. 3nech nmokazaHo oOpa3zoBaHUE JUCIEPCHI MPU YMEHBIIEHUU pa3MepoB KyOa 1o
TpeMm ero ocsaM. [Ipu yMeHblIeHnH pa3Mepa B OJJHOM HaIpaBiieHUH (110 ocu Y) moity-
yaeTcs IJIEHKAa WA MTOBEPXHOCTHBIN cioi (MemOpaHa). [Ipyu ymeHbllleHHN pa3MepoB
KyOa B 2-X HampaBjeHusx (1o ocu X v Y) MOJydaroTCs HUTH, WM KaWUIIPHI, a
YMEHBIIIEHUE €ro pa3MepoB MO BCEM TpeM U3MepeHusM (1o ocu X, Y, Z) IpUBOJAT K
o0pa3oBaHMIO MEIKUX YacTHll. [Ipu 3TOoM pa3apo0aeHHOCTh ONPEAEIIIEeTCs pa3MePOM
Te€Ja 1O TOW OCH, YMEHBUIEHHMEM pa3Mepa MO KOTOPOMl OHa JOCTUTHYTa, T.€.
HAaWMEHBIIUM Pa3MEPOM.

YAL
/
4 a
a
X
L

Puc. 1.1. O6pa3oBanue qucnepcuii Npu yMEHbIIIEHUH pa3MepoB Kyoa.

Mepoii pa3npoOIICHHOCTH BCIKON TUCIIEPCHON CHCTEMBI MOXKET CIIYXKHTh JTHO0
nornepeyuHblit pazmep vactun "a" (s chepuueckux yactui — guametp "d", a ans
JacTHIl, UMerImmx GopMmy Kyba — pedbpo kyba "["), 1mubo oOpaTHas eMy BeIUYHHA
D=1/a, na3piBaemMas 00ObIYHO TUCIEPCHOCTHIO, TUOO yIelbHasA MOBEPXHOCTH Sy0, T.€.
Mex(aszHas MOBEPXHOCTh, MPUXOAAIIAACS HA €IMHUIY oObeMa JUCHEpPCHOU (pa3bl.
Bce »Tu BennuuHbl B3auMOCBs3aHbl. YeM MeHbIlle pa3Mep 4acTHull, TeM OOJbllIe gUC-
NEPCHOCTh WUJIM yJIeJbHAs MOBEPXHOCTh, U HA000pOoT. K KOJJIOUIHBIM cUCTEMaM OT-
HOCSATCS CHCTEMBI, Y KOTOPBIX 3HaueHue "a" nexur B npeaenax 1-100 am (107 - 107
CM), a aucrepcHocTh — B npeaenax 1-100 am ~' (10 7-10° cm ). Bepxumii npenen
JTUCIIEPCHOCTU KOJUTOMIHBIX CUCTEM OOYCIIOBJIEH TE€M, UTO IMpHU JajdbHEHIIeM Ipoo-
JICHUU BEIIECTBA B PAacTBOpE yxe OyIyT HAaXOJUThCA HE arperaTbl MOJIEKYJ, a OT-
JeJIbHBIE MOJIEKYJIBI, UMeronue pasmep nopsaka 0,1 am. Huwxauil npenen nucrnepc-



HOCTH KOJUIOUJIHBIX CUCTEM OIpPEIEsAeTCS PE3KUM CHUKEHUEM MHTEHCHUBHOCTH TEIl-
JIOBOTO IBM>KEHUS YACTHUII C TIONIEPEUHBIM pazMepom Oompiire 100 HM.

HecMmoTtps Ha yctanoBieHHbid npenen B 100 HM B Kypce KOJUIOUIHOW XUMUH
paccMaTpuBarOTCsl 0OOBIYHO U Oosiee rpyOOIMCIIEpCHBIE CUCTEMBI, pa3Mep YacTHI] KO-
TOPBIX MOXET JOCTUTaTh HECKOJBKMX MHUKPOMETPOB, & HMHOTJAa W 3HAYUTEIHHO
OobIe.

3710 1enecoo0pa3HoO MOTOMY, YTO CBOMCTBA MOJOOHBIX CHUCTEM, Ha3bIBAEMBIX
MHKPOreTepOreHHbIMHU, YaCTHUIbl KOTOPBIX XOPOIIO BUIMMBI B MHKPOCKOI, BO
MHOTOM COBMAJal0T CO CBOWCTBAMH KOJUIOUJHBIX, WJIA MHBIMH CJIOBamMH yJbTpa-
MHKPOTreTepOreHHbIX CHUCTEM, YACTHUIIbI KOTOPBIX YK€ HE BUJHBI B MUKpockom. K
MUKPOTE€TEPOT€HHBIM CUCTEMAM OTHOCSITCS IOPOIIKHU, CYCIIEH3UU, SMYJIbCUH, TIEHBI U
P APYTHX CHUCTEM, MUMEIOIIMUX OOJIbIIoe MpakTHdeckoe 3HaueHue. CpaBHUTETHHO
Majblil pa3Mep KOJUIOUJIHBIX YAaCTHI[ OMNPENENseT CXOJACTBO HEKOTOPHIX CBOMCTB
KOJUIOMJIHBIX CHCTEM M UCTUHHBIX pacTBOpoB. C NIpyrod CTOPOHBI, OTHOCUTEIHHO
OOJBIIE pa3Mepbl YaCTUIl KOJUIOMIHBIX CHCTEM OOBICHSIIOT WX HECTOCOOHOCTH
MPOHUKATH Yepe3 MOJYNPOHUIIAEMYI0 MeMOpaHy, Mallyto AU y3HOHHYIO CIIOCO0-
HOCTb, CIIOCOOHOCTBH OCE/IATh B IOCTATOYHO MOILHOM T0JI€ YJIbTPAUEHTPUPYTH.

Ecnu roBopuTh 0 pazMepe 4acTull KOJJIOUIHBIX CUCTEM, TO HEOOXOIUMO UMETh
B BUJY JBa OOCTOSITENBLCTBA: MEPBOE — "MOMEpPEUYHBI pa3Mep" MMEET CMBICIH, €CIH
YaCTHUIIBI UMEIOT cepudeckyro popmy i popmy kyba. Eciiu sxke gacTuirsl mo popme
CWJIBHO OTJIMYAIOTCA OT 1Iapa, TO pa3Mep YaCTHUIl 3aBUCUT OT HAIIpaBJIEHUS, B KOTOPOM
npou3BOIAT u3MepeHue. OIHAKO 4acTO B KOJUIOMAHOM XMMHM YacCTHULbI MPUPABHU-
BaIOT K c(pepuyecKrM U MPUHUMAIOT, YTO ITH YACTHUIIBI BEyT ce0s Tak e Kak Jei-
CTBUTEIIbHbIE YacTUIbl. JluaMeTp TakoW YCIOBHOW YacTHIbl HA3bIBAIOT '3KBHUBA-
JIEHTHBIM" TMaMETPOM.

BTopoe — B KOJJIOMAHBIX CUCTEMAaX YacCTHUIIbI PEIKO OBIBAIOT OJTHOTO pa3Mepa.
CucTteMbl ¢ YaCTUIIAMH OJHOTO pa3Mepa Ha3bIBalOT MOHOAMCIIEPCHBIMH. VX MOXHO
IPUTOTOBUTH TOJIBKO MCKYCCTBEHHO, MCIOJIb3Ys CIEIHalbHbIE MpHEMBbl. boibImH-
CTBO k€ KOJUIOMJHBIX CHUCTEM MOJMAUCHEPCHO, T.€. COJECPNKUT YaCTHUIBI Pa3HbBIX
pa3MepoB.

[lo mepe pocTa IHUCTIEPCHOCTH YBEIWYMBAETCS M YIENIbHAas MOBEPXHOCTD,
NPUXOASIIAsICS HAa €AMHUILY 00beMa.

1.1 Knaccupukanus JucCnepcHbIX CHCTEM.

KnaccupunupoBaTe JuCHEpCHbIE CHUCTEMBI MOXKHO Ha OCHOBE CIIEIYIOIIHUX
o0IUX MPU3HAKOB:
-arperaTHOe COCTOsTHUE TUCIEPCHOM (a3bl U AUCTIEPCUOHHOMN Cpebl;
-pa3Mep | pacripeesieHne YacTUll AUCTIEPCHOM (a3bl MO pa3MepaM;
-BUJ JUCIIEPCHOM (ha3bl,
-CTPYKTYpa,
-Mexda3zHoe B3auMOJICHCTBHE.
Krnaccudukanus AMCTIEPCHBIX CHUCTEM B 3aBUCHMOCTH OT arperatHOTO COCTOSTHHS
aucnepcHou (as3pl IUCTIEPCUOHHON cpebl TpuBeaeHa B Tadnuie 1.1.



Taoauma 1.1
Knaccudukanusi qucnepcHbIX CHCTEM 10 arPeraTHOMY COCTOSIHUIO

Jlucniep- JlucniepcHble CUCTEMBI 17151 AUCTIEPCHBIX (a3
CUOHHAs
cpena
TBEPJBIX KUJKUX ra3oBbIX
Kunkas [T/K (3omu, cyc- [DK/K (amynbeun, [/K (razoBbie
[CH3WU, TEIIH, KpEMBbI) SMYJIbCUU, [IEHbI)
1acThl)

Tepmas [T/T (TBepabie K/T (tBepmpie /T (TBepable TIEHBI,
30JIM, CIUIaBbl)  PMYJIbCUU, IOPU- [[IOPUCTHIE TENA)
CTHIC TEJIa)
l"azoBas [T/I" (abiM, mible) I/2K (TymMan) ['/T" (MmaioBeposT-
HbI; 00pa3yroTCs 3a
cueT QuykTyanuu
MJIOTHOCTH)

Kaxnas cucrema umeer cBoe 0003HAUCHHE U Ha3BaHHUE: B YUCIIUTENE YKa3bl-
BAETCs arperaTHoe COCTOSIHUE AUCIIEPCHOM (ha3bl, a B 3HAMEHATENE — IUCIIEPCUOHHON
cpensl. CUCTeMY KHUAKOCTH/)KUAKOCTh, HAIPUMEpP, HA3bIBAIOT SMYJIbCUEH, a CUCTEMBI
C Ta30BOM JUCIIEPCUOHHOM CPENOUN — adPO30IISIMH.

BTOpBIM OTAMYUTENBHBIM MPU3HAKOM, IO KOTOPOMY BO3MOKHO OCYILIECTBUTH
KJIACCU(DUKALMIO BCEX JUCIEPCHBIX CHUCTEM, sBISIETCS pa3mep 4actul. OOBIYHO
OPUHATO MCIOJb30BaTh BETUYMHY OOpaTHYIO AUamMeTpy yacTull "d" U Ha3bIBaeMylo
nucriepcHocteio "D”, 1.e. D=1/d. (1.1)

JUist cpeprueckux yacTull BeJMyuHa "a" paBHA AuamMeTpy 3TuX uyactuu. Jluc-
IEPCHOCTb, KaK U YyJebHAasl IOBEPXHOCTb, 0OPATHO MPONOPLHUOHAIbHA pa3Mepy Ya-
ctul. C y4eToM 3TOro, yAeJIbHYIO IOBEPXHOCTh MOXKHO IPEJCTaBUTh B BUJIE

6D
Syu=— (1.2)
p
IJi€ p — INIOTHOCTh MaTepyaia YacTHI] JUCIEPCHOM (asbl, Kr/m>.
Knaccudukanus QuCHEpCHBIX CHUCTEM B 3aBUCHMOCTH OT Pa3MEpOB YaCTHUIl JHC-
nepcHoi (ha3wl mpuBOAUTCS B Tabmuie 1.2.

B 3aBrcUMOCTH OT pa3MepOB YaCTHULL Pa3JINYalOT BA OCHOBHBIX KJIACCa CUCTEM:
BBICOKOIMCIIEPCHBbIE U ITPy0oancnepcHble cucTeMbl. [[poMexXyTOUHBIMU CpEAN HUX
SABJISIIOTCS] CPEeAHEIUCIIEPCHbIE CHCTEMBI.

BricokoaucnepcHble CUCTEMBI XapaKTEPU3YIOTCSl CPAaBHUTEIBHO HEOOIBIIMMHU
pasmepamu yactui, oT 10 = 1o 10 ! Mxm (mmm ot 1 go 100 HM) K 3HAYMTENBHON
JUCIEPCHOCTBIO D. BpICOKOAUCIIEPCHBIE CUCTEMBI CEAMMEHTALMOHHO-YCTONYUBBI,
T.€. CIIOCOOHBI CYIIECTBOBAaTh JUINTEIBHOE BPEMs, HECMOTPs Ha JAEHCTBHE I'paBUTa-
HUMOHHOro noJid. IIpuMepoM BBICOKOIUCIEPCHBIX CUCTEM SBISIOTCS KOJUIOUIHBIC
pacTBOPHI (301H).



['pybomucniepcHbie CUCTEMBI XapaKTEPU3YIOTCS CPABHHUTEIHLHO HEOOIBITUMU
pasMepaMu W HE3HAYHUTEITHHOU JHCTIepCHOCTHI0. CBOWMCTBA TPyOO- M BBICOKOHC-
MEPCHBIX CHUCTEM BO MHOTOM OTJIMYAIOTCS, HO HAJIMYKE TPAHUIILI pa3aena a3 u pas-
JIPOOJICHHOCTh OJHOM M3 HUX, T.€. TUCIIEPCHOCTh U T€TEPOTCHHOCTh, — TO O0IIIEe, UYTO
00BEIUHSCT OTH CHCTEMbl. MI3MeHEeHNnEe CBOWCTB MPH MEPEXOe BBHICOKOIMCIICPCHBIX
CUCTEM B T'PYOOJHCIIEPCHBIC MPOUCXOIUT IOCTEIICHHO, Yepe3 CPEIHEIUCIICPCHBIC
CUCTEMBI.

C yBeJIMYCHHEM JIUCIICPCHOCTH, T.C. 10 MEPE CHIKCHHS Pa3MEpOB YaCTHII, WH-
TEHCU(DHUIIMPYIOTCS MOJIEKYIIPHO-KMHETHYECKUE SBJICHUS: OPOYHOBCKOE JBHKCHHE,
maddys3ns, ocMoc; BO3pacTaeT yeldbHas TOBEPXHOCTh, YCKOPSIOTCS (HH3H-
KO-XMMHYECKHUE IMPOIECChl Ha TpaHUIle pasjaena (a3, yMEHbBIIAeTCs CKOPOCTh CEau-
MEHTAIMH (OCEIaHMs) YaCTHI IO ICHCTBUEM IPaBUTALIUH.

Tabauna 1.2
K.Haccml)nlcauuﬂ AUCIIEPCHBIX CUCTEM B 3aBUCHMOCTH OT pasMepa 4aCcTuIl HHCHepCHOﬁ (1)33111

Knacc PasMepsl 4acTwll, JIMCTIEPCHOCTS,

MKM M M!
Bricokoaucnepe 103-10"! 10°-1077 10°
HbIE
Cpennenucrepc- 0,1-10 107-10°° 107-10°
HEIC
["py6oauciepcHbIE Gospiie 10 Gospiie 10°  |menbiue 10°

Takum o6pazom, pa3mep yacTull (WM AMCIEPCHOCTH) SIBISETCS OAHUM U3
BaXHEHIITUX KOJMYECTBEHHBIX MMOKA3aTEeNeH NUCTIEPCHBIX CUCTEM, ONPEIETSIOMIUX UX
KaueCTBEHHbIE OCOOEHHOCTH.

Tperuit npusHak, M0 KOTOPOMY KJIaCCUPUIMPYIOT BCE ITUCIEPCHBIE CUCTEMBI,
00yCIIOBJIEH BUAOM JucrnepcHoil ¢aspl. JucrnepcHyro ¢a3zy MOryT COCTaBISATH Ya-
CTHIIBI, TJICHKH, MeMOpaHbl, HUTU WU Kamwuisipsl. Pasnuuaior TpexmepHble (4a-
CTULbI), ABYXMEPHbIe (HUTH, BOJIOKHA, KallWJUIAPHI, MOPbI) U OJAHOMEPHbIE (MEM-
OpaHbl, TUICHKHN ) TUCTIEPCHBIE (Pa3bl.

B 3aBUCMMOCTH OT CTPYKTYpBbI, BCE TUCIIEPCHBIE CUCTEMBI MOYKHO pa3/IeIuTh Ha
7B Kjacca — CBOOOJHONUCHEPCHBbIE, B KOTOPHIX YACTHUIIBI TUCIIEPCHOM (ha3wl HE
CBSA3aHbl MEXJy COOOH M MOTYyT IepeMelaTrbcsi CBOOOAHO (CyCHEH3UM, 3MYIJIbCHH,
30J14, B T.4. a3p030JiM) U CBA3ZHOAUCIEPCHBIE, B KOTOPHIX OAHA U3 (a3 HE mepeme-
miaeTcsi CBOOOJHO, MOCKOJBKY CTPYKTYpPHO 3akpermieHa. K HUM OoTHOcATCS Kamui-
JSIPHO-TIOPUCTHIE TeJla, MEMOpPAHbI — TOHKHE IJICHKU, TeU, CTYJHH, MEHbI — KUJIKHE
CETKHU C BO3JIYIIHBIMU STYEHKAMHU, TBEP/IbIE PACTBOPHI.

B3auMogeiicTBue Mex 1y BeleCTBAMH JIMCIIEPCHON (pa3bl M TUCTIEPCHOM Cpeibl
3a CUET MEXMOJIEKYJISIPHBIX CHUJI Ha FPaHULe pa3aena a3 npoTeKaeT Bcernaa, HO CTe-
IEHb €ro MpPOSBICHUS MOXET ObITh paznuyHod. B 3aBucumoctu oT MexdasHoOro
B3aMMOJICUCTBUS JTUCIIEPCHBIE CUCTEMBbl MOTYT OBITh JHOPUIbHBIMU U JHO(OO-
HbIMHU. J[JI1 EPBBIX XapaKTEPHO CUIBHOE MEXMOJIEKYJIIPHOE B3aUMOJCICTBUE Be-
HIECTBA IUCTIEPCHON (a3bl CO Cpeiou, a sl BTOPhIX — ciiaboe.
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JInounpHbIE CUCTEMBI TEPMOAMHAMHYECKA YCTOWYHMBBI U XapaKTEPU3YIOTCS
CaMOINPOU3BOJIBHBIM JucIeprupoBaHueM. CUCTEMBI, B KOTOPBIX CAMOIIPOU3BOJIBHOTIO
JUCIIEPTUPOBAHUSL HE MPOUCXOIUT, MOTYT ObITh Ha3BaHbl JIMO(DOOHBIMHU, HO JTUO(U-
JIM3UPOBAHbBI B TOM WJIM UHOU CTEIIEHH.

1.2 MeToabl moJjiy4eHHusl JUCHEPCHBIX CUCTEM

JIs Hoy4deHus: TUCTIEPCHBIX CUCTEM HCIIOJIB3YIOT CAMbIE PA3JIUYHbIE METO/BbI,
HO BCE OHM CBOSATCS JIMOO K APOOJICHUIO KPYITHBIX KYCKOB BEIIECTBA 10 TpeOyemoii
JTUCTIEPCHOCTH, MO0 K 00BETMHEHUIO MOJIEKYJI WJIM MOHOB B arperaThl C pa3MepaMu
nucnepcHoi (a3bl. B COOTBETCTBUM € 3TUM CYIIIECTBYIOT METO/IbI IOTYYECHUS CUCTEM:
-IUCTIEPTUPOBAHMS;
-KOHJICHCAIIUH.

I[I/ICHepFaLII/IOHHBIe MCTO/JIbI ITOJTYYCHUS JUCIICPCHBIX CUCTCM

1. Mexanunueckoe TUCeprupoBaHue. ITU METO]Ibl OCHOBAHbI HA MEXaHUYECKHUX
croco06ax Mpeo0JICHUsT MeKMOJIEKYJIAPHBIX cuil. Hakorienre cBOOOIHOM SHEPTUH B
mporiecce JUCTIEPrUPOBaHUs MPOUCXOINUT 3a CUET BHEITHEH MEXaHUYECKON pabOTHhI.
JlucnieprupoBaHUEM HA3bIBAIOT U3MEIBUYCHUE TBEPJbIX WIM KUAKUX TEJ B MHEPTHOM
cpeae. Ilpu >ToM CHUIBHO YyBEIMYMBAETCS JAUCIEPCHOCTH BEIIECTBA M OOpasyercs
JUCIIEpCHAs CUCTEeMa, 00J1a1aroIas yAeIbHON TOBEPXHOCTHIO.

JlucrieprupoBaHre MOKET WATH B PE3YJIbTAaTE Mpollecca pa3aBiIvMBaHUs, HC-
TUpaHus, JpobieHus. K aucreprupyrommM yCTpPOWCTBAM OTHOCSITCS IIApOBHIE,
CTEpI>KHEBBIE, KOJIJIOM/IHBIC METBHUIIBI, BaJIbIIbl, KDACKOTEPKH.

2. ®U3UKO-XUMHUYECKOE APOOJIECHUE OCATKOB (MEeNTU3ALIMS).

[lenTu3anuet Ha3bIBAIOT pPACHICIUIEHHE HA IEPBUYHBIE YACTHUIBI MOJ JCHCTBHEM
BHEIIIHEN CpeJlbl arperaToB, BO3HUKAIOIIUX B pe3ysibTaTe OOpaTUMOM KOaryJsiuu
JACTIEPCHBIX CUCTEM.

MeTtoabl KOHIEHCAIUU

KonnencanmoHHslii MeTO | mojipa3aensiercs Ha crnocod (u3nuecKoil KOHJIEH-
cauu, Korjaa tBepjas (aza oOpasyercsi B pe3ybTaTe KOHASHCAIlUU U3 ra3000pa3Hoi
¢da3pl, 1 Crocod XMMHUYECKOW KOHJICHCAIuH, Korja TBepaas (asa obOpasyercs B pe-
3yJbTaTe XHUMHUYECKOW peakiuu. B o0oux ciayyasx KOHICHCAIMOHHBIA MPOIIECC
JIOJI’KEH TIPOUCXOJIUTh B TAKUX YCIOBHSIX, YTOOBI 0OPA30BBIBAIMCH MEJIKUE YaCTHUIIBI.

OauH U3 BO3MOXKHBIX MEXaHHW3MOB 3aKJII0OUYaeTCs B TOM, YTO BHaudajie oOpasy-
€TCsSl KPUCTAJUIMYECKUN 3apOJbIII, 3aT€M JIMHEWHBIE pa3Mepbl KpUCTala yBEIWYH-
BatoTcsA. [nsi 0O0pa3oBaHMsl KPUCTAINIOB MallbIX Pa3MEPOB CKOPOCTh OOpa3oBaHMs
KPUCTAUTMYECKHUX 3apOBIIIEH JOKHA OBITh BHICOKOM, 2 CKOPOCTh JJUHEHHOTO POCTa
KpUCTAIIOB — Majioll. CKOpOCTh 00pa3oBaHUs KPUCTALIMYECKUX 3apOJIbIIIeH Tem
OoJibliie, yeM OOJbIe CTETNEHb MEPECHICHUS] PACTBOPA WJIU MEPEOXTKIACHUS KOH-
JeHCUpYIoleics razoo0pazHoit daszpl. CKOPOCTh JIMHEHHOTO POCTa KPUCTAJUIOB TEM
0omplie, yeM OOJbIe KOHIIEHTPALUS BEIIECTBA, KOTOPOE KPUCTAIU3YETCSA, U YeM
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BbIlIE TeMiieparypa. OTcioa cienyer, 4yTo g 00pa30BaHUsl KPUCTAJLIOB KOJUIOU/I-
HOW CTENEHU TUCIIEPCHOCTH HEOOXoanMa OObIIasi CTENEHb MEPECHINICHHS] PAaCTBO-
poB. JlJIsi MpakTUYECKU HEPACTBOPUMBIX BEHIECTB ATOrO0 JAOCTUTHYTHh HETPYIHO.
®dakTOpbl, KOTOPBIE TPUBOAT K MOSBJICHUIO METACTAOUIIBHOCTU UCXOITHOM CUCTEMBI,
MOAPA3ACIISIIOTCS HA JBE IPYNIIbI: XUMUYECKHe, T.€. IPOTCKAHNE XUMUYECKUX peak-
IIMY, MPUBOJSIINX K BOSHUKHOBEHUIO BBICOKMX KOHIIEHTpALMK CI1abOpacTBOPHUMOTO
COEIMHEHUS, U (PU3HYECKH e, TAKNE KAK U3MEHEHUS JIaBJICHUsI, TEMIIEPATYPHI.

JIro0ast xuMHudeckas peakiius, IpuBoAsAIIas K 00pa30BaHUIO HEPACTBOPUMOTO, a
B CJTyyae KOHJICHCUPOBAHHBIX (ha3, U JIETy4ero NpoayKTa (Wiu, Ha000poT, HEJIETYUero
— MPU B3aMIMOJICICTBUH Ta30B), MOXKET OBITh MCIOJIB30BaHA IS MOJIYYEHHUS KOJIIO-
UIHON CUCTEMBI.

Peaknuu oxkucijeHusi. [IppuMepoM Takux MPOIECCOB SIBIISICTCS OOpa3oBaHHUE
30JIs1 IPU B3aUMOJEHUCTBUH CEPOBOJAOPOIA, PACTBOPEHHOTO B TUAPOTEPMAJIBbHBIX BO-
Jax, ¢ KUCIOPOIOM

2H>S + O, =2S + 2H,0

Peakuuu BoccTaHOBJIEHHMS. DTU PEAKIMU JIEKAT B OCHOBE MHOTOYMCIIEHHBIX
METOJOB MOJIy4EHHUs 30JI€H 30510Ta U cepedpa MpU B3aUMOJEHCTBUU COJIEH ITHX Me-
TaJJIOB C Pa3JIMYHBIMU BOCCTAHOBUTEISIMU: POCPOPOM, TAHHUHOM, (POpMaTbAECTUIOM,
alleTOHOM.

2KAuO; + 3HCHO + K2CO3 = 2Au + 3HCOOK + KHCOs3 + H,O

Peaknun o6MeHa. DTUM ClIOCOOOM IMOTYYaIOT 30J1U TAIOTEHUIOB, CYJIb(UJIOB,
OKCHUJOB U THAPOKCHIOB META/UIOB. XapaKTEPHBIM MPUMEPOM CHUHTE3a 30JIei U HC-
MOJIb30BAHUEM PEaKIMu oOMeHa SBIISIETCS MOJyYeHHUE THIPO30JIeH noauaa cepedpa.
OTH 30JIM 4aCTO CIy>KaT MOJCIISMHU MIPY U3YUCHUHU PA3IUUHBIX KOJUIOMAHBIX MPOIEC-
COB.

KNO; + KI = Agl + KNO;

I'maposu3 cojieii. DT TPOLECCHl MIMPOKO PACIPOCTPAHEHBI B MPUPOAE U
UMEIOT OO0JbIIOE 3HaYeHUE B TeXHHMKE. OHU MIMPOKO MPUMEHSIOTCS ISl OYUCTKHU
CTOYHBIX BOA. [IpuMepoM CiIyKUT peakius ruiposn3a XJOPHOTo Keje3a.

FeCls + 3H,0 = Fe(OH)s + 3HC1

[Ipu pusnueckoil KOHJAEHCAMU MYTH CO3JaHUSI METACTAOMIBHOCTH MCXOJHOM
CUCTEMBbI OOBIYHO CBSA3aHbl C U3MEHEHUEM TEMIIEPATYPBI, PEXKE - AABJICHUS B CUCTEME,
a TaKXe COCTaBa paCTBOPUTEIIA.

Konpnencanusi napos. CyImHOCTh METO/IAa 3aKJIFOYAETCS B TOM, YTO B ra3000-
pa3HOM cHUCTEME NPU MU3MEHEHUH TEMIIEpaTypbl JABJICHUE Iapa MOXKET CTaTh BBILIE
PaBHOBECHOTI'O JIaBJICHUS Mapa HaJl ’KUJIKOCTBIO WIIM TBEP/IbIM TEJIOM U B ra30Boil (haze
BO3HUKAET HOBas Xujakas uiu TBepaas Qaza. CucremMa CTaHOBUTCSA I'€TEPOTrE€HHOM,
o0Opa3zyroTcst a3po30Jiu (TyMaH, JIbIM).

3amena pacrBopuTesasi. MeTo OCHOBAaH HA U3MEHEHUH COCTaBa CPEIbl TAKUM
0o0pa3zoM, 4TO XUMUYECKUI MOTEHIMAI KOMIIOHEHTA B IUCIIEPCUOHHON CPENIe CTAaHO-
BHUTCS BBIIIE PAaBHOBECHOI'O M TEHJCHIMS K IIEPEXONy B PAaBHOBECHOE COCTOSHHE
OPUBOJAUT K 00pa3oBaHUI0 HOBOM (pa3pl. Tak MOXKET ObITh MOJTYUYEH 30J1b KaHU(DOIIH.
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Ecnu naceieHHpIi pacTBOp KaHU(OJIN B STUIOBOM CHHUPTE BIUTH B OOIBIION 00beM
BOJIbI, TO ITOJIYYEHHBII paCTBOP B CIUPTOBOHOM Cpe/ie OKA3bIBAECTCA NEPECHIICHHBIM.
[lepechlilieHre NPUBOIUT K arperupoOBaHUIO YaCTULl KaHU(OIU, CUCTEMA CTAHOBUTCS
reTepoOreHHon, 00pa3yercs KOJUIOMAHAs cucTeMa — 30Jb kaHuonu. Takum ob6pazom,
MOTYT OBITh OJYYEHBI THJIPO30JIU CePbI, GOCcHOpa, MBIIIbSIKA, MHOTUX OPIraHUYECKUX
BEILECTB.

1.3 CTtpoenne Mune/s1 pa3JIu4HbIX 30J1eH

Murtiemia — 3TO OT/IeTIbHAS YacTHUIlA TUCTIEPCHOM (a3bl KOJUTOUIHONW CUCTEMBI C
KUJKON AUCTIEpCHOU cpenoil. PaccmoTpuM oOpa3zoBaHue MHUIIEIIIBI HA TIPUMEpE pe-
akuuu xjopuaa 6apus ¢ cynbdaroM HATpHS.

Na>SOs + BaCl, = BaSO4 + 2NaCl

N30bITOK OTHOTO M3 KOMIIOHEHTOB JE€HCTBYET KaK CTAOMIM3AaTOP KOJUIOMIHOIO pac-
tBOpa. [lycth B n36niTke Haxoautcs BaCl,. Buauyane o6pa3syercst arperat MULIEILIBI,
SIBJISIFOILICHCS] METTbYaHIIIUM KPUCTAUTUKOM (cM. puc. 1.2).

{(m BaSOs) n Ba* - 2(n-x)C1}" 2x CI
-

arperar

Y

SJIPO

~
qacThuna

——
MHULCJIa

Puc.1.2. CxemaTnueckoe CTpOCHUE KOJUIOMIHON MULIEIIIBI.

Ha noBepxnoctu kpucramia BaSO4 umeroTcs BakaHTHBIE MECTa, KOTOPBIE 3a-
HUMAIOT MOHEI Ba®'. MHpiMu cnoBamu, noHbl Ba** BenencTBue m3buparenbHON aj-
copOLMHU JOCTPAaUBAIOT KPUCTALNIMYECKYIO pemeTKy. OHM NpHUIal0T MOBEPXHOCTH
AIpa MOJIOKUTEIBHBIN 3apsi ¥ HA3bIBAIOTCS MOTEHIUAJIONPeIe/SI0INMUA HOHAMMU.
Nonbr C1°, obpazyronuecs npu auccormanuu BaCl,, umMeroT oTpuiaTeabHbIN 3apsi
(MpOTUBOMOJNOXKHBIN) 3apsay noBepxHocTH. [loj AeicTBHEM 3IEKTPOCTATUYECKHUX
cun uoHel Cl° NpUTATHBAIOTCS K APy, HEUTpAIU3ys €ro 3apsa. OTH UOHBI HOCST
Ha3BaHHUE NPOTUBOMOHOB.

IIpOoTMBOMOHBI HAXOJATCS B TEIUIOBOM JBUKEHUM. YacTh MPOTHBOMOHOB (N-X)
HaXOJSILUXCSI B HEMOCPEACTBEHHOW OJIM30CTH OT si/ipa, CBSI3aHbl C HUM ITOMHMO
AJIEKTPOCTATUYECKUX CHUJI AJCOPOLMMOHHBIMH CUJaMH, 00pa3ys ajacopOLMOHHBIN
CJI0M. Arperatr BMECT€ CO CJIIOEM IMOTEHUUAJIONPEAESISIOIUX HOHOB U IPOTUBOMOHOB
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HA3bIBACTCA KOJJIOMAHOM YaCTHLEH, KOTOpas UMEET 3JIEKTPUUYECKU 3aps (coBma-
JAIOIIHUN € 3apsI0M OTEHIUAIONPEAEIISIOIIETO C105).

Jpyras 4yacTb IPOTUBOMOHOB (X), BCJIEACTBUE TEIJIOBOTO JIBHIKEHUSI U DJIEK-
TPOCTATUYECKOTO OTTATKUBAHUS MEKJy OJHOMMEHHBIMU MOHAMH, HAXOJUTCS Ha He-
KOTOPOM yJaJieHUuH OT sijipa, oOpa3ys Au¢@y3uoHHbIH ca0i. 3aps/ibl TOTEHLIUAIIO-
IPEACISAIOINUX HOHOB U IIPOTHMBOMOHOB IOJIHOCTBIO CKOMIIEHCHPOBAHBI, IO3TOMY
MULIEIUIA 3JIEKTPOHEUTPAJIbHA.

Ccr

Puc. 1.4.Cxemarndeckoe u300pakeHHe KOMUIOUIHOH MHLEIIDI

Ecnu B u36piTke Haxoautcs NaxSOs, TO yacTHIa 3apsDKEHa OTPULIATENIbHO, a
MUIIEIIJIa HIMEET BU/I;

{(m BaSO4) -n SO4* - 2(n-x)-Na*}  2x-Na*
1.4.IIpumepsl pemieHus 3aaa4

3apaua 1.1. IIpu KoHIeHcalMKU TyMaHa, COCTOSIIIETO U3 Kalellb KaaMus, 00-
pasosanock 12,5-10°¢ m kuakoro kaamus. [I0BEPXHOCTHOE HATSIKEHUE IIPU TEMIIE-
patype konaeHcanuu pasHo 570 m/Ix/mM2. CBOOOJHAS MOBEPXHOCTHAS DHEPIHSA BCEX
Kanenb coctaBisia 53 JIx. Beluncnure AUCHIEPCHOCTh U TUAMETP Karelb >KUIKOTO
KaJIMHUSL.

Pemenune. Dueprust ['n66ca NOBEpXHOCTH OINPEACIAETCS 10 YPABHEHUIO:

Gs=o'S.
CBs3b MEXJYy YIIEITBbHOW TOBEPXHOCTBIO Syo, MMOBEPXHOCTHIO S,00beMOM V' u muc-
NEPCHOCTHIO DD BBIPAXKAETCS COOTHOIICHUEM:

Syn=S/V = 6D.

[ToBepxHOCTH Kanenp TyMaHa coctaBisieT S = 6 D-V. JlucnepcHOCTh Kamneinb KaaMus
paBHa
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Gs 53
D= = =1,24-10%".
o6V 570 -10°3-6-12,5-10°°

Juametp Karens kaaMus pasen d=1/D=8,1-10 7 m.

3apava 1.2. Paccuuraiite MOJIHYIO ITOBEPXHOCTHYIO 3Hepruto 10 r smynscun
rexcana B BoJie ¢ Konuenrpamueii 70% (MacCoBbIX) U AUCIIEPCHOCTHIO D=1 MKM™' nipu
temneparype 298 K. IInoTHOCTE rekcana mpu 3Toi Temmeparype 0,655 r/cm?, mo-
BEPXHOCTHOEe HaTskenue 18,41 mJDk/M?, TemmepaTypHblii KO>()(QHIHMEHT MOBEPX-
HOCTHOTO HaTskeHus rekcana do/dT= — 0,104 m/Ix/(m 2 K).

Pemenne. IloHas MOBEPXHOCTHAS DHEPTUsl PACCUMTHIBACTCS 110 YPaBHECHHIO
I'ub06ca- I'expMrospna:

Us=[o-T(do/dT)]S.
[ToBepxHocTh S Kanensb 6enszoina 70 %-Hoi amynbeun Maccoit 10 T cocrasiser

6:1-10°-10-0,7 - 103 =
S=6DV =6D m/p= =64 M%;
655

Us=(18,41-10 3 + 0,104 -10 3-298) 64 = 3,16 JIx.

3anpaua 1.3. Onpenenure suepruto ['md60ca G5 BOISIHOro TyMaHa Macco m =4 r
npu 293 K, ecay moBepXHOCTHOE HATSHKEHUE BOABI ¢ = 72,7 MJIK/ M 2, IIIOTHOCTE
BOJIbI p = (0,998 r/em?, JAUCTIEPCHOCTH yacTul D = 50 Mxm .

Pemenne. Dueprus ['n66ca moBepXHOCTH OMPEACIIICTCS 10 YPABHEHUIO:

Gs=o-S.
CBs3b M@Ky YJEITbHOW IMOBEPXHOCTBHIO S0, MMOBEPXHOCTHIO S, 00beMOM V u auc-
MEPCHOCTHIO D BBIpaXaeTcsi COOTHOIIeHHeM: Sy, =S/ V =6 D.

OTcroa MoBEepXHOCTh Kareb TYMaHa COCTaBJISET:
S=6DV=6Dm/p U
Gs=6D(m/p)c=6-5-107(4-10°/998) 0,0727 = 87,41 k.

3apaya 1.4. Onpenenure NOBEPXHOCTHOE HATSIKEHUE KUIAKOCTH, €CIU B Ka-
muuispe auamerpoM d = 1-10° M ona nomamumaercs Ha BbicoTy A = 32,6:107 M.
[InotHOCTh XuaKocTu p = 1000 kr/m>. Kpaepoii yroa cMaunBanus @ = 0°,

Pemenne. [Ipu ncnoap30BaHUN METO/1a MOHITHS KUJKOCTU B KATWIUISIPE N5
pacyeTa npuMEeHSIOT ypaBHeHue XKopena:

c=(pghrcos )/ 2;
c=(10°-9,81-32,6:10°-0,5-10° - 1)/ 2 =79,9-10" H/m.
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2. TIOBEPXHOCTHBIE ABJIEHUSA

JIns BceX KOJUIOUJIHBIX CHCTEM, YAaCTHUI[bI KOTOPBIX HAXOJISATCS B MHEPTHOU
cpene U 00pa3yroT B HEW (PU3MUECKYIO0 MOBEPXHOCTh pasjiesa, MPOoLecC TUCHEePrupo-
BaHHs O3HAYAET 3HAUMTEJIbHOE YBEIMYECHHE MOBEPXHOCTHOW SHEPIUM cucTeMbl. Be-
JUYMHA pabOThl, KOTOPYIO HEOOXOAMMO 3aTPATUTh HAa YBEJIMYEHUE MTOBEPXHOCTH Ha 1
cM? (WM Ha 0Opa30BaHUE TOM MOBEPXHOCTH), BhIpakeHHas B H/M, uncieHHo paBHas
CBOOOIHOMN TOBEPXHOCTHON JHEPruM Ha 1 cM? MOBEPXHOCTH, HA3BIBAETCH MOBEPX-
HOCTHBIM HaTshKeHHEM o. [[oBepXHOCTHOE HATSHKEHHUE C MOBBIIEHUEM TEeMIIEPATYPhI
YMEHBIIIAETCS, U B KPUTUUYECKON TOYKE, TP KOTOPOH MOBEPXHOCTH pazieiia "»Kuj-
KOCTb — map" MCYe3aeT, IOBEPXHOCTHOE HATSKEHHUE PABHO HYJIO. YeM MeHbIlIe o Ha
rpaHulE pa3ziesia IBYX KUIAKOCTEU 072, TEM BBIIIE B3aUMHAsl pACTBOPUMOCTh U IpHU
KPUTUUYECKOH TemIepaType 1o npaBuilty AHTOHOBA TOBEPXHOCTHOE HATSIKEHUE 0/,2 Ha
rpaHUIE JABYX B3aUMHO OTPAHUYEHHBIX PACTBOPUMBIX KUJKOCTEH paBHO Pa3HOCTHU
MOBEPXHOCTHBIX HATSHKEHUM ATUX KUAKOCTEN Ha IPaHUlIe C BO3AYXOM

012=0]-02 (2.1)

[Iporneccrl, mpoucxoasanIe Ha MOBEPXHOCTU pasiena (a3, Ha3bIBAIOTCA IO-
BEPXHOCTHBIMU SIBJICHUSIMU (CMauUBaHUE, aICOPOLIHS).

[ToBepXHOCTHBIC SIBICHUS 3aBUCST OT MPUPOJBI BEIIECTBA M BEIMYMHBI T10-
BepXHOCTH. ECM ISl YUCTHIX MHAWBHIyabHBIX BEUIECTB BEJIMYUHA 0 UMEET OIpe-
JICIIEHHOE 3HA4YeHHE, TO JIJISl PACTBOPOB ¢ 3aBUCHUT HE TOJBKO OT MPHUPOABI JKUIKO-
CTH-PACTBOPUTEIISI, BTOPOUM TpaHUYAIICH Cpellbl, TEMIEPATYPhl, HO U OT IPHUPOABI U
KOJIMYECTBEHHOTO COJIEP>KaHUs PACTBOPEHHOTO BEIIECTBA.

O6o03HaunM 4epe3 oo MOBEPXHOCTHOE HATSHKEHHE PACTBOPUTENS, Yepe3 o —
MOBEPXHOCTHOE HATsDKEHHE pacTtBopa. [lpu pacTBOpeHHMHM BEpOSITHBI CIEAYIOIINE

CIIy4au:
o > oo — pactBopeHHoe BemecTBo (IIMAB) noBeilIaeT MOBEpXHOCTHOE HATSKEHHE
pacTBOpUTEIIS,

0 = 00 — PAaCTBOPEHHOE BEIIECTBO HE U3MEHSET MOBEPXHOCTHOTO HATSIHKEHUS PACTBO-
puTens;

o < oo — pactBopeHHoe BemiecTBO (IIAB) moHmkaeT MoBEpXHOCTHOE HATSKEHUE
PacTBOPHUTEIIA.

Ha puc. 2.1 npuBeneHbl KpUBbIE UBMEHEHHUS 0 B 3aBUCUMOCTH OT KOHIIEHTpaLlUU
pactBopeHHoro BemiectBa (rpu 7' — const). [Ipu Gonbiinx KOHIEHTpaUsSIX KpuBas 3
CTPEMHUTCS K TIOCTOSSHHOMY 3HAYCHHIO. B 3THX yCIIOBHAX Ha MOBEPXHOCTH 00pazyeTcs
IJIOTHBIM MOHOMOJIEKYJISIpHBIN cioil ITAB.

JItobass moBepxHOCTh paszfena ¢a3 o0iamaeT CBOOOIHON TOBEPXHOCTHOM
SHEPTUeH, T.K. MEKMOJICKYJISIPHBIC CHJIBI CLICTJICHUSI B TPAaHUYHBIX (a3ax HEOIUHa-
KOBBI. IHTEHCHBHOCTh MEXMOJICKYJISIPHBIX CHUJI BHYTPH JaHHOW (ha3bl MOXKHO Xa-
PaKTEepU30BaTh KaKMM-JIMOO CBOMCTBOM, 3aBHUCSIINM OT CHJI CIICTUICHUS MEXIY MO-
JEKyJaMU, HAPUMEP TUMOIbHBIM MOMEHTOM [, TADJIEKTPUUECKON TPOHUIIAEMOCThIO
& VI MOBEPXHOCTHHIM HATSDKEHUEM Ha TpaHULIe C IPYrod onpeaesieHHou ¢a3oi a,».
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Puc. 2.1.3aBucumMocTh G OT KOHIIEHTpAH pacTBopa: 1,2 - KpuBbIE AJI1 HOBEPXHOCTHO-UHAKTHBHBIX
BEILECTB; 3 - KpUBas JUIsl IOBEPXHOCTHO-aKTUBHBIX BEILIECTB

CornacHo coBpeMeHHOl Teopun (pabotbl I1.A.PeOunaepa u ydeHBIX e€ro
IIKOJIbI) AUCTHIEPCHBIE CUCTEMBI JENATCS HA TMOPOOHbBIE U TUOPUIbHBIE TIO BEIUYHUHE
CBOOOIHOI Mex(pa3HOUM SHEPTUU 77,2. Y CIOBUE CYLIECTBOBAHUSA TUOPOOHON CUCTEMBI
MOKET ObITh BBIPAXKEHO 07,2 >> Om, [I€ Om — HEKOTOPAsI FPAHUYHAs BETUYHHA, KOTOPas
XapaKTEepPU3yeT CPEIHIOI KHHETUUECKYIO SHEPIHIO TEINIOBOTO JBUKEHUS YACTHLI.

VYcnoBue cyuecTBOBaHMs JTUO(PUIBHOM KOJUIOMJAHON CHCTEMbI MOXET OBITh
BBIPAXKEHO 07,2 < Om. Takue TUoPUIbHBIE CUCTEMBI 00pPa3yOT MblIa, KPACUTENH, Ca-
MOIIPOM3BOJIBHO 00Pa3yIOLIUECS IMYJIbCHH.

CmaurBaHMe )KUIKOCTBIO TBEPAOro TEJIa MOKHO pacCMaTpUBATh KaK Pe3yJIbTaT
NENCTBUS CWJI IOBEPXHOCTHOIO HaTshKeHus. HaHnecem Karuiro KHIKOCTH Ha TBEPAYIO
NOBEPXHOCTh. M3 puc. 2.2 BUIHO, YTO OKPY>KHOCTb KaIlJIM SIBJSIETCS TPAHULEH B3au-
MOJEHCTBHS TPEX CPel: *KUAKOCTU 1, Bo3myxa 2 u TBepaoro tena 3. OTU Cpenbl pas-
JIEJIEHbl MOBEPXHOCTSMU pasjenia (a3: MOBEPXHOCTh "KUIKOCTh — BO31yX'" C IO-
BEPXHOCTHBIM HATSDKEHUEM 0725 IOBEPXHOCTh 'KMIKOCTb — TBEPAOE TENO" € Io-
BEPXHOCTHBIM HATSKEHUEM 01,35 TOBEPXHOCTh "BO3JyX — TBEPAOE TEJIO'" C MOBEPX-
HOCTHBIM HaTsDKEHUEM 023. TakuM oOpa3oM, Ha €UHULLY JUIMHBI IEPUMETpPa CMavH-
BaHUS JIEUCTBYIOT TPU CHWIBl 072, 01,3 U 023, O0OO3HaYeHHBbIE Ha PHUC.2.2 COOTBET-
CTBYIOILIMMHU BEKTOpPaMHM, HAIIPAaBJICHHBIMM KacaTeIbHO K COOTBETCTBYIOIIEH IIO-
BEPXHOCTHU pazjena. B ciydyae oOpa3oBaHus paBHOBECHOTO KpaeBoro yria @ Bce Tpu
CWJIBbI JJOJDKHBI YPaBHOBECUTH Jpyr Apyra. CHIbl 02,31 01,3 AEUCTBYIOT HA TNIOCKOCTH
IOBEPXHOCTH TBEPJOro TE€Ja, CHUJIA 07,2 HAIPABIIEHA MO YoM @ K JaHHOU IJIOCKO-
CTH.

VY4uuThIBasi, 4TO TOYKA IPUIIOKEHUS TPEX CHUJI MOKET TOJIBKO IEPEIBUTATHCS 10
IOBEPXHOCTH, HO HE MOXKET OT HEE OTOPBATHCS, BMECTO CHUJIBI 07,2 HEOOXOIUMO B3STh
€€ MPOEKIHIO Ha MIOCKOCTb, T.€. 01,2:cos O.

B aTom ciydae ycnoBue paBHOBECHUSI OTPAXKAETCS ypaBHEHUEM:

023= 013+ 012:cos O unn

023-013=012c0S O.
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PewmmnB 310 ypaBHEHHE OTHOCHUTENIBHO COS O, TOTyYUM:

cos O = (623-013)/ C12° (2.2)
G1,2
2
o 1
< 7777 >
623 G1,3 3

Puc. 2.2. 3aBucUMOCTE KpacBOro yria CMadMBaHUA OT BCJIMYHUH IIOBCPXHOCTHOI'O HATSXKCHUA O, 2",

013, 02,3;
1-KHAKOCTB; 2- BO3AYX; 3- TBEPAOE TEJIO

Cos O xapakTtepu3yeT CIIOCOOHOCTh KHUIKOCTH CMayuBaTh JaHHYIO TOBEPX-
HOCcTh. Ero HaspiBaioT "cmaunBanueM" u 00b9HO 0003HA4arOT uepe3 B. [Ipu moxHoM
cMaunBanuu ©@ =0 u B = 1, T.€. B JaHHOM ClIy4ae MOBEPXHOCTh TBEPAOTO TEJA JINO-
¢uapHA IO OTHOIICHHIO K Karle. B ciydae eciau MOBEpXHOCTh TBEPAOTO TeJa JIHO-
¢obHa, To HabMIOTaeTCA KapTUHA, N300pakeHHAs Ha puc. 2.3, TIe yroi MOKET UMETh
3HaueHue Oosbiie 90°

HccnenoBanue cmadynBaHus MO3BOJIAET MOJAONTH K U3YUYEHUIO CBOWCTBA TBEP-
JBIX T€J — K B3aMMOOTHOIIIEHUIO MMOBEPXHOCTH TBEPJOTO Tejla U OKPYKAIOIICH KUJI-
KOCTH.

G1,2

9

M
N
\/

02,3 C13 3

Puc. 2.3. Kamig cMaunBaronieit )kMIKOCTH Ha MOBEPXHOCTH TBEPJOTO Tena: 1 - )KUJKOCTh; 2 - BO3-
IyX; 3 - TBEpI0€ TEJIO.
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AAre3us — 3TO CaMOINPOU3BOJIBHOE MOBEPXHOCTHOE SIBIICHUE, KOTOPOE MPHUBO-
IUT K CHUKEHUIO MMOBEPXHOCTHOW 3HEPruu. AIre3uss U CMauyMBaHUE >KUIKOCTU OT-
HOCSITCSL K OJTHOMY W3 BHJIOB aJre€3MOHHOTO B3auMojeicTBusa. Ero ocobeHHocTH
ONPENEIAIOTCS KaK CBOMCTBAMU TBEPJIOM ITOBEPXHOCTH, TAK U CBOMCTBAMH KUJIKOCTH.

Anre3ueil (CLEIUICHUEM, MPUTSKEHUEM WIH MPUIIMIIAHUEM) Ha3bIBAIOT CBSA3b
MEXy Pa3sHOPOJIHBIMU KOHJICHCUPOBAHHBIMU TEJIaMU MPU UX MOJICKYJSIPHOM KOH-
takTe. K KOHJEHCHUPOBAaHHBIM TEJIaM OTHOCSITCS KUAKUE U TBepAbie Tena. [Ipu anre-
3UHM COXPaHSETCS TpaHWIa pazziena ¢as, oOpa3oBaHHAs IBYMs TBEPIBIMHU TEIaMH,
TBEPJIbIM TEJIOM U >KUJKOCTBIO, T.€. TPAaHHUIIA pa3jiesia T-T U xK-T. Bo3MoxkHa ajare3us
JIBYX Pa3HOPOJIHBIX KUJAKOCTEN Ha FpaHUIIe pa3jielia HK-ikK.

B 3aBHCMMOCTH OT CBOMCTB ITPUIMIILLIETO TEJIA PAIAYAIOT AArE3UI0 KUAKOCTH,
YIPYro BA3KOIUIACTMYHBIX MAacCC, YACTUI U IJIEHOK. DTU BUJbI aJre3ud UMEIOT
MHOTO0 0611ero. Bo Bcex cinydasx —3To CBsA3b MKy KOHJIEHCUPOBAHHBIMU TEIAMH Ha
rpaHuiie pasaena ¢as, i HapylIeHHs] KOTOPOM HEOOXO0JUMMO BHEIIHEE BO3/CHCTBHE.

Camonpon3BOIBHO HIYT MPOLECCH], CBSI3aHHBIE C YMEHBIICHUEM IMOBEPX-
HOCTHOM PHEPTUH, B JAHHOM cliy4ae sHepruu [ uooca.

B pesynbrare anresuu ynenbHasi cBOOOIHAsI TTIOBEPXHOCTHASI SHEPTUSI YMEHb-
IIaeTcsl Ha BEIMYMHY, KOTOpas Xapakrepusyer paborty anrezuu W,. [loatomy MOKHO
3amucaTh

AGs +Wa= 10 (2.3)
Wa = -4Gs (2.4)

PaBHOBecHast paboTa aire3un B pacueTe Ha IpaHUIly IOBEPXHOCTH pa3jena a3
OTIPEICIISICTCS BhIpAKEHUEM

Wa=((c13+0623) - 012, (2.5)
TAE: 01,2; 01,3 U 02,3— IIOBEPXHOCTHBIE HATSDKEHUS Ten | u 2 mocie aare3uu, tena 1 u
Tena 2 10 aAre3un Ha rpaHuliie co cpeaout 3 (cM. puc. 2.4).

U~ I~ [ N~
| ] 1 [l 1
3
1 3
2 2 1
— —— ——

Puc. 2.4. Unmoctpanus k pacuety padotsl anre3uu (1) u padotst koresuu (II)

Ecnu Tteno 1 — sBasiercs XuaKuM, 2 — ra3000pa3HbIM, 3 — TBepAbIM (puc. 2.3)
MOKHO 3aIACATh:
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Orr=0rxt 0xrcos ®
O xr COS O=0 11- 0 1x
COS@ = (O-TF'O-T)K)/O-)KF

Ucxons u3 ykazaHHbIX ypaBHEeHHM (3akoH FOHra) paBHOBeCHYIO paboTy ajre-
3UH KHUJIKOCTH MOYKHO OTIPE/ICIIHTB:

Wa=06x.1+cos®) (2.6)

PaBHOBecHyI0 paboOTy aAre3sud MOXKHO COMOCTABUTh C PAaBHOBECHOM pabOTOM
kore3uu. [locie Hapyienus kore3uu tena 1 00pa3yroTcs ABE MOBEPXHOCTH, COMPH-
Kacaromuecs co cpenoi 3. PaBHoBecHast paboTa Kore3uu paBHa yJIBOCHHOMY 3Hade-
HUIO TOBEPXHOCTHOT'O HATSKEHUS:

Wk =2 613 (2.7)

B ciydae HapyIeHHs1 KOT€3MOHHOM LIENOCTHOCTH KUJIKOCTH B BO3YIIIHOM cpee
paBHOBecHasi paboTa Kore3uu

WKZZG)KF (28)

Pabota aaresuu mMoxet ObITh 00JibllIe pabOThl KOT€3UU B CBSI3U C PAaBHOBECHBIM
XapaKkTepoM aAre3MOHHOTO B3aMMOCHCTBHS (32 CUET XMMHUYECKOW CBS3H, Kaluj-
JSIPHBIX 3P (PEKTOB, BOSHUKHOBEHHSI IBOHOTO JIEKTPUIECKOTO CIOS B 30HE KOHTAKTA
U Ipyrux npuuuH). CooTHOLIEHNE

f=W.—W. (2.9)

omnpenenser Kod(pOUIIMEHT pacTeKaHus OJHOW (a3bl (GKUIKOM) MO TOBEPXHOCTH
JpyToii (TBEPAON WU KUAKOW) (pa3sbl.
B cnydae f> 0 pactekanue umeet Mecto, eciu f < 0 pacTekaHUsI HE IPOUCXOIUT.

W3MmeHsTh B 3HAUUTENBHBIX MpejaeNax JHO(DUIBHOCTh TBEPAOW MOBEPXHOCTH
MOXHO, IIPUMEHSISI, TAK Ha3blBaeMble '"TOBEPXHOCTHO-akTUBHbIE BemiecTBa" ([TAB),
KOTOpbIe 005agaroT AUQPWIBHON NTPHUPONOHM, HAMpuUMeEp, CTEAPHUHOBAs KHUCIOTA,
UMEIOIast MOSPHYI0 THAPOPUIHHYIO YacTh W YTIEBOJAOPOJHYIO TPYMIY - THAPO-
¢oOnyro vacte. CxeMaTHUECKH TMOJSIPHYIO YacTh MOJIEKYJIbl MPHHITO HU300paxkaThb
KpyX04KkoM «O», a HEMOJIAPHYIO — JIMHUEH «—».

Ecnu tBepmast moBepxHOCTh THApPOGUIbHA, TO €l OyaeT OnM3Kka Mo Mpupojie
KapOokcwibHas rpynmna. [Ipu mocTtaTodHOo OOJBIIOM YHCIIE MOJIEKYJ CT€apUHOBOM
KHCJIOThl OHU OPUEHTHPYIOTCSI Ha MOBEPXHOCTH, 00pa3ysi cBOeoOpa3Hblil acopOiu-
OHHBIA YacTOKoN Mosiekyn [IAB, MeHstonmx TakuM o0pa3oM MOJISPHOCTh MOBEPX-
HOCTH, KOTOpasi CTAaHOBUTCS TUAPOGOOHOIA.

Ha puc.2.5 noka3zaHo, KakuM 00pa3oM MOKET, HAIPUMEDP, TOBEPXHOCTh KOXKH U3
ruapodunsHOM (a) ctath THAPOoGoOHOH, (0) B caydae, Korja Ha Hel oOpa3yeTcs aj-
copOuMoHHBIN cnoit monekyn [TAB.
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77777777
a §)

Puc. 2.5.3menenne mMoGUILHOCTH KOXKH B CIy4asx: a - 0e3
npumenenus [1AB; 6 - ¢ ucnnons3oBanuem [1AB.

B cinywasx, ecnu kel HaxoAMTCS B JKMJIKOM WIM IUIACTUYHOM COCTOSTHUU
(MHOT/1a B BBICOKODRJIACTUYHOM), JUIsl TIPOSIBIICHUS are3un HEOOX0IMMO, YTOOBI KIIeh
JI0OCTaTOYHO XOPOIIO CMAaYHMBaJl IMOBEPXHOCTh cybOcTparta. M3 TepMoauHAMUKH W3-
BECTHO, YTO CMAYMBAHHE MOBEPXHOCTH TBEPAOrO TeJla MPOUCXOJMUT B TOM CIIydyae,
€CJIM TIPU ITOM YMEHBIIIAETCSl CBOOOHAS dHEPTHA, T.€., eciu A4 F<0).

CmaunBaHMe Bcerja CONPOBOXKIAETCS BbIACJIEHUEM TeIia (IpoLecC 3K30Tep-
Muueckuit). B ciydyae cMauyuBaHUs SHEPTHS CUCTEMbI U3MEHSETCS IO YPABHEHUIO

AUn=AUn+AUx+AU mx (210)

rae U o — sHeprus cmauuBanusi; U e — dHeprusi noBepxHoctu cyocrpara; U ,e —
SHEPTrUsi NOBEPXHOCTH XKUAKOCTHU; U ye . 5 — FIHEPTUS TOBEPXHOCTH pazjieiia "TBEPAOE
TEJIO - )KUJKOCTh".

2.1.1lpuMepsI pelieHUus 3a1a4

3anaua 2.1. Paccuuraiite paboTy aare3uu B cucteMe Boga-rpadur, 3Hasi, 4TO

KkpaeBoii yroa paseH 90°, a MOBEPXHOCTHOE HATSHKEHHE BOABI cocTaBiseT 71,96
M/Ix/M%. Onpenenure Kod(QGUIMENT pacTeKaHus BOALI Ha Tpadure.

Pemienue. Boipaxkenue nis paOoThl aare3wu 4epe3 KpaeBOWM YTroyl JTaeTcs
ypaBHeHueMm /lrornpe - FOnra:
Wa= (1 +cos ®) = 71,96 (1 + cos 90°) = 71,96 mJIx/m?,
padora kore3uu W =2 6 xr =2 - 71,96 = 143,92 mJx / M%.
KoaddunreHT pacrekanusi pacCUMTHIBAETCS 10 COOTHOIICHUIO
f=Wa-W,=71,96 - 143,92 = -71,96 mJIx/M?,
T.€. BOJIa HE pacTeKaeTcs 1o rpadury.

3anpaua 2.2. Paccuuraiite paboty aare3uu W, pTyTH K crekiy npu 293 K, eciu

n3BecTeH kpaesoii yron @ = 130°. ITopepxHOCTHOE HATsKEHUE PTYTH 0 = 475 MJ[K/ M.
Haiinute kordduirieHT pactekanus f pTyTH MO MOBEPXHOCTH CTEKJIA.

Pemienue. Bripaxkenue nis paOoThl aare3wu 4epe3 KpaeBOW YTroyl JaeTcs
ypaBHenuem Jlromnpe - FOnra:
Wa=0ur( 1 +cos ®)=475(1+cos 130 %) =475 (1-0,64) =171 mJx/™m >.
KoaddummenT pacrekanust pacCUUTHIBAIOT 11O COOTHOIICHHUTO

f=Wa-Wy,
rae W « =2 ¢ ng IpescTaBisieT paboTy KOre3uu;
f=171-2-475=-779 mJI/M 2, T. €. pACTEKaHUS HET.
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3. AICOPBIIMOHHOE PABHOBECHE

Jlnis mucnepcHbIX cucTeM, 00JaJaroIuX BBICOKOH CBOOOTHOW MOBEPXHOCTHON
JHEpPruei, XapakTepeH MPOLECC AACOPOUUM, 3aKIIFOYAIOIIMIICS B HAKOIUIEHUU I1O-
CTOPOHHHUX MOJIEKYJI Ha IIOBEPXHOCTH pasfesa (pa3 U CONpOBONKAAOIIMNCA dHEPre-
TUYECKUM U3MEHEHUEM CUCTEMBI.

Jlist pacdeTa BEIMYMHBI aICOPOLIMK HA TPaHULE TBEPJbIM aCOPOEHT — ra3 uiu
ancopOEHT — pacTBOP, LIMPOKO UCIIOJIB3YIOT IMIMPUUECKOE ypaBHeHHE DpeliHanmxa:

a=kp!hm (3.1)

KoHcTaHTa S3MIMpHYECKOro YPaBHEHMS ONIPEAEISAETCS 10 IKCIIEPUMEHTAIbHBIM
naHHbIM. [IposorapugmMupoBaB SMIUPUUECKOE YpaBHEHUE aJICOPOLIMU U ITOJIYUUB €T0
B BUJIC ypaBHeHUs [g a = [g k + 1/n Ig p, cTpOST NpsAMYIO B KoopauHatax [g a = f(lg p).
Torma oTpe3ok, oTcekaeMblii MPSIMOW HA OCH OPAMHAT, PaBeH g k, TaHTEHC yria
HaKJIOHa MpsAMOM K ocu alOcuucc paBHsieTcs: [/n. IIpuMeHUMOCTb 3TOrO ypaBHEHHUS
OTPaHUYUBAETCS TOJBKO OOJIACTHIO CPEAHUX KOHIIEHTPALMH, T.K. IPU OYEHb MaJIbIX
KOHLIEHTpALUAX, a TAKKE€ B O0JIACTH KOHLIEHTpaUWW, OJM3KUX K MPEAEIIbHON, BUJ
KPHUBOM, PACCYUTAHHON IO ASMIIMPUYECKOMY YPABHEHHMIO, HE COBIIANAET C DKCIIEPHU-
MEHTaJIbHO TOJYYEHHOW HM30TepMOM ajacopOuuu. s pacuera MOJIEKYJISIPHOW aj-
copOuuu ynoTpedIsaoT SIMIUPUYECKOE YPaBHEHHUE

x/m=kc', (3.2)

rue x / m= a.

. Jlenrmriop co3nan u 000CHOBAJ TEOPUIO MOHOMOJIEKYJISIPHOU aJcOPOIMH Ta-
30B Ha TBEPJOM aJCOpPOCHTE, MPEAIMOJI0KUB, YTO aKTUBHBIC IEHTPHI PaBHOMEPHO
pacmpeiesieHbl TI0 MOBEPXHOCTH. AJICOpPOIHS JIOKAIM30BaHa. Y paBHCHUE U30TEPMbI
aJICOPOIIMKM UMEET BU]T

a=axkp/(1+kp), (3.3)

rae a — aacopouys, MOIb / CM?; dw — NPEAENbHAs ancopous (EMKOCTh MOHOCIIOSN),
MOJIb/CM?; k — KOHCTaHTa, XapaKTepU3yIolas MOBEPXHOCTHYIO aKTHMBHOCTb aICcopO-
THUBAa;, p — PAaBHOBECHOE JaBJICHHE acopOTHBAa B oObeMe (asbl, rpaHUYAIICH C ajl-
COpOEHTOM.

ITpu p — 0, a = a«kp; ipu p —o0 HACTyNAET HACKHIIICHUE aJICOPOITMOHHOTO CIOS
U a = d» (cM. puc. 3.1). KoHcTaHThl ypaBHEHUS kK U1 a MOTYT OBITh ONpeJIeNIeHbI rpa-
¢uyeckum crocodom. [ns sroro ypaBHenue JIeHrMiopa NPUBOAST K JTUHEHHOMY
BUTTY:

1/a=1/a» + 1/ akp (3.4)

I'paduk 3aBucumoctu //a = f (1/p) Beipaxkaercs NpsiMOi, HE TIPOXOAIIEH Yepes
HAYaJo0 KOOPAWHAT M OTCEKAIOIIeH Ha OpJIWHATE OTPE3OK, paBHBIN [/ a.. Otcrona,
HaXOJUM d.. KoHCTaHTa k& MOXKeT OBITH OmpejesieHa MO BEJIMYMHE TaHTeHCa yTria
HAKJIOHA MPSIMOM K OCH abCIucc.
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[lo 3HAYEHUIO Ax MOXET OBITh HailJieHa yJeJbHas AKTUBHAS IMOBEPXHOCTH .,
cM?/T, eclti U3BECTHA S, — ILIOIIA/Ib, 3aHUMaeMasi OIHOM MOJIEKYJI0M rasa win I1AB B
MOHOCIIOE.

S ya = deo So Na (3.5)

MpbICiib 0 BO3MOYKHOCTH 0OOpa30BaHUs MOJIMMOJIEKYJSIPHBIX CJIOEB HAa HAChI-
IIEHHOM MOHOCJIO€ MOBEPXHOCTH TBEpJOro ajacopOeHta npuHaminexuT [lonsuu. 3a
Mepy CHJI NPUTSHKEHUs aficopOeHTa MPUHSAT ajfcopOunoHHoi norennuain . Ilo Ilo-
JISTHU aJICOPOLIMOHHBIN TOTEHIIMATI MOYKET ObITh BRIPAKEH KaK U30TepMUYecKas paboTa
CKaTHsl OTHOT'O MOJISL OT JAAaBJICHUS P B Tra30BOi (aze 10 JaBIEHUS ps— HACHIIIICHHOTO
napa, HaxoIAIIErocsi B pABHOBECHH C KUJKOCTBIO:

g=RTIn(ps/p). (3.6)

[TonstHu mpenmnosnarasn, 4To aJAcOpPOIMOHHBIN MOTEHIIMAI HE 3aBUCUT OT TEeMIIe-
patypsl. IloaTOMy KpHBasi 3aBUCUMOCTH aJCOPOLMOHHOIO MOTEHIHANA & OT aJICOpO-
LMOHHOr0 NOTEeHIHalla o0bemMa W oluMHaKkoBa AJig BCEX TEMIEpaTyp W Ha3BaHa Xa-
PAKTEPUCTUYECKON KPUBOM:

W=a Vp; (3.7)
e =1 (W), (3.8)

rae Vi — MOJISIPHBIN 00BEM KHUAKOCTH, CM° / MOJIb; @ — afACcOpOLHS.

VYyensimu bpynayspom, OmmeromMm, Temsiepom Oblia co3gaHa TEOPHUsS MOIUMO-
JEKYJSIPHOM aicopOLMK MapoB Ha TBEPABIX, INIAJIKUX U MOPUCTHIX aacopOenTax. Co-
IJIACHO ATOM TEOPUM HA aKTUBHBIX TOYKAX IOBEPXHOCTH aJCOpOEHTa, NpHU OmIpese-
JIEHHBIX YCJIOBHSIX, MOT'YT O0pa30BbIBAaThCSI KOHJEHCUPOBAHHBIE MOJIUMOJIEKYJIIPHBIE
ciou. KonuuectBo afcopOupoOBaHHOrO BEIIECTBA PACCUUTHIBAETCS IO YPABHEHHUIO:

(p/ps)/a-(1-p/ps) = 1/amc + (c-1)/amc - p/ps (3.9)

B sTom ypaBHeHUU a,, — BeNMUMHA aCOPOIINH, COOTBETCTBYIOIIAS 3aIIOJTHCHHIO
MOBEPXHOCTH aJCOPOECHTa MOHOMOJEKYJISIPHBIM CIIOEM ajcopOaTta («eMKOCTh MOHO-
C10s»); ¢ — KoHcTaHTa, paBHas e@*RT [Ipu ManbIX OTHOCHTENBHBIX JABJICHHAX, KO-
riaa p << p,, ypaBaenue (3.9) mpeoOpa3zyercsi B ypaBHeHue Jlearmiopa. Takum obOpa-
30M, n3otepMma JIeHrMropa MOKET pacCMaTpUBATHCS KaK YaCTHBINA CITydail ypaBHCHUS
BOT.

VYpaBHEHHE, YCTaHABIIMBAIOIIEE CBSA3b MEKIY BCEMH IapaMeTpamu TMpolecca
a7copOLMKM — BEJIMYMHOM MOBEPXHOCTHOTO HATSKEHHS (0), PAaBHOBECHOUW KOHIICH-
Tpaluei KoMrnoHeHTta (¢) B ojHou u3 ¢asz, ero agcopouueit (1), Obu10 BbIBEIEHO JIK.
['u66com. OHO sBsieTCs OOUIMM TEPMOAMHAMUYECKUM YPaBHEHHEM, CIIPaBEIMBBIM
JUTS JTIOOBIX COCTABOB M MPUPOJIBI MOBEPXHOCTH paszzena (a3 U BbIpakaeT pacrpee-
JIeHUE BellecTBa Mex 1y (ha30il U MOBEPXHOCTHIO pasnena ¢as.

I'=-(c/RT) (ds / dc) (3.10)

Benuuuna do/dc HocuT Ha3BaHHWE MOBEPXHOCTHOM AKTHBHOCTH. Mepoii mo-
BEPXHOCTHOM aKTUBHOCTHU MPHUHATO CUNTATh BenuunHy G = - do/dc, npu c—0.

VYpaBuenue (3.10) mokaspiBaeT, YTO €CIM MPHU aACOPOIMH MOBEPXHOCTHOE
HATSOHKEHUE 0 YMEHBIIACTCS C POCTOM KOHIIEHTPAIHH C, T. €. do/dc < 0, To ancopOumst I
MOJIOKUTENbHA. ITO COOTBETCTBYET MNOBEPXHOCTHO-AKTHMBHBIM  BEIIECTBAM.
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Haobopor, ecni o pacTeT ¢ poctoMm ¢, To do/dc > 0 u I" oTpHuIaTenbHO. DTO COOTBET-
CTBYET MOBEPXHOCTHO-UHAKTUBHBIM BellecTBaM. Kpome Toro, eciiv M3BeCTHa 3a-
BUCHUMOCTbH 0 OT ¢ (T. €. U30TepMa MOBEPXHOCTHOTO HATSIKEHUS 0 = ((C)), TO MOXKHO
JUISL KaXJI0r0 3HAY€HUsl KOHUEHTpaluu HalTh do/dc v no ypaBHeHuto ['mb0ca BbI-
YUCJIUTH 3HaUeHue I, T. €. MoCTpouTh u3oTepmy ajacopbuuu I = {(c). Cxema 3TOrO
pacuera noka3aHa Ha pucyHke 3.1.

G’J’A __C . ds
6y D RT dc
|
|
B
i Gi.'f(c)
g A - oo
e e c
C

Puc. 3.1 U3oTepma moBEpXHOCTHOTO HATsHKEHUS U n3oTepMa aacopormu. Otpe3ok OA = ¢; tg ¢
=do/dc.

[ToBepxHOCTHAsI aKTHBHOCTHh MOKET OBITh HalieHa Takxke AuddepeHmpona-
HUEM 3MITMpUYecKoro ypaBHeHus LIIukoBcKoro, BeIpakaroliero 3aBUCUMOCTb 110~
BEPXHOCTHOTO HATsKEHUS pacTBOpa OoT KoHUeHTpaunu [T1AB:

Ac=co—c=aln (1 +Dbc) (3.11)

IJI€ 0, U 0 — MIOBEPXHOCTHOE HATSHKEHUE YHMCTOTO PacTBOPUTENSI U pacTBOpa Ha rpa-
HULE C BO3/LyXOM WJIK COOCTBEHHBIM MIAPOM; @ — KOHCTAHTA, MAJIO U3MEHSIOLIASACS IS
pa3HbIX BEIIECTB; b — UHJIMBHUAyalbHAsl KOHCTAHTA, XapaKTepU3yIollas MOBEPXHOCT-
HYI0 aKTUBHOCTb BEILIECTBA; ¢ — KOHLEHTpAIUs BEUIECTBA B PACTBOPE.

Cnenyer oOpaTuTh BHUMaHUE Ha TO, YTO ypaBHeHHUe ancopbuuu ['nb0ca, BbI-
BEJICHHOE Ha OCHOBE TEPMOJAMHAMUYECKUX MPEJICTABICHUM, U ypaBHeHue JIeHrmiopa,
OCHOBAHHOE€ Ha MOJIEKYJISIPHO-KMHETUYECKUX TMOJIO0KEHHUAX, B CBOCH CYITHOCTH TOX-
JIECTBEHHBI, TaK Kak BbIpaxkatoT pactpepaenenue [IAB mexay oo6bemom oHOM U3 (a3
U MeX(}a3HONH MOBEPXHOCTHIO. JTO MOATBEPHKIAETCS TEM, YTO, MOJIb3YSICh ypaBHE-
HueM [IumkoBCcKOro, MOXXHO TEpelTH OT ypaBHeHHsT [nMOOca K ypaBHEHUIO
Jlenrmropa.

Jtokiio u TpayOe ycTaHOBHIIM SKCIIEPUMEHTAIBHOE MPAaBUIIO, COIIACHO KOTO-
pPOMY MOBEPXHOCTHAsA aKTUBHOCTb KHUPHBIX KUCJIOT, CIMPTOB, AMUHOB M JIPYTUX Be-
HIECTB B TOMOJIOTMYECKUX PSAJAxX Ha TPAHUIIE PACTBOP-BO3IYyX BO3pacTaer B 3,2 pasza
IpU YBEJIMYEHUH YTIIEBOIOPOAHOM enu Ha kaxayo CHaz- rpymimy:

Gn+1/ Gn =const = 3,2,

rac n — 4Y1ucjio METUJICHOBLIX I'PYIIIL.
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DT0 paBUJIO BBINOJHAETCA JIMIB 17151 BOAHBIX pacTBopoB ITAB. /Ins pactBopoB
I[TAB B HENoOJSPHBIX PACTBOPUTENAX MOBEPXHOCTHAS AKTUBHOCTH MPU YBEIHMYECHHUH
JUTMHBI YTJIIEBOJOPOIHOTO pajuKaiia, HA000pOT, YMEHbIIaeTcsl (oOpalleHre npaBuia
Tpay0e).
3.1. [IpuMmepsI pelieHUs 32124

3agaua 3.1. Onpenennts Benuuuny agcopouuu (kmons/m?) npu 10 °C mis pac-
TBOpa, coaepxariero 50 mr/n nenapronopoit kucinotrel CsHi7COOH, moBepxHocTHOE
HATsDKEHHME MCCIeayeMoro pacteopa 57,0-1073 u/m.

Pemenne: ITo cnpaBoyHuKy HaxomuM oo 1pu 10 °C: omo = 74,22 107 u/m.
OnpenenseM KOHIEHTPALMIO KUCIoThl B pactBope C, = 0,05 / 158 = 3,2 10 - *
kmonb/m>; Ci = 0. ITo ypaBuenuio I' = - (¢ / RT) (do / dc) - uzorepmbl agcopOuuu
['n66ca HaxoqUM BeIUYUHY M30BITOYHOMN aICOPOIUU:

-3,2-10* 57,0 - 107 - 74,22 - 103
I'= = =7,32:10kmomb/M?
8,314 - 10° - 283 3,2-10*

Tak kak I' > 0, To ancopOuus OJIOKUTEIbHA.

3apaua 3.2. Ilpu agcopOuuu azora Ha akTuBUpoBaHHOM yrie npu 220 K mo-
Jy4€HbI CIAEAYIOIUE JaHHbIE:

p, Ila 1870 6100 18000 33000 70000
a 10° M*/xr 5 14 23 32 41

[TInoTHOCTH Ta3000pa3Horo azora p = 1,125 kr/m>. TlocTpoiiTe n30TEpMy ancopOLUK B
JUHEHWHBIX KoopauHaTax. PaccumTaiiTe KOHCTAHTHI d« W k ypaBHeHus JIeHrmiopa.
Onpenenurte yaeibHYIO NOBEPXHOCTh aKTUBUPOBAHHOTO YTJIA.

Pemenne: [Inomanp, 3aHuMaemas OIHOM MOJIEKYJIOW a30Ta B HACHIIIEHHOM
MOHOCJIOE, COCTABIIIET So = 16-10 20 M2,

Jluneitnas hopma ypaBuenus Jlenrmiopa umeet Bu: 1/a =1/ ax + 1/ akp.

Omnpenenum 1/ a, u 1/ p:
(1/2)-10° 0,20 0,07 0,03 0,02
(1/p)-100* 536 1,63 030 0,14

Crpoum rpadux 3aBucumoctu (1/a)-10 3= £ (1/p)-10~ 4. Ilo rpaduky Haxomum
1/a, Kak OTpe30K, OTCEKaeMbIi MpsIMor Ha ocu opauHaT. CoriacHo rpaduky 1/a.=20;
2= 0,05 M*/kr. ITo TpadMKy TaHIeHC yIJla HAaKJIOHA IPSAMON K OCH aOCLMCC paBeH
1/(axk)= 332 - 10°, otkyma k= 6 - 107, ITo dpopmyne Sy = aSoN, onpenenum yemb-
HYIO TOBEPXHOCTh aKTHBUPOBAHHOTO YIJIs. J[71s1 pacuera HE0OX0UMO BBIPA3UTH ax B
MoJib/Kr. IToaTomy 3anuceiBaeM Syx = (axp/M) Na So. OKOHUATEIBHO UMEEM:

0,05 -1,25
Syn = +6,02- 102:16:102°=215-10° M%/kr
28 - 107
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3agauya 3.3. Vcnons3ys ypaBHeHue JleHrMiopa, BBIUHCIUTE aJICOPOIMIO Baje-
PHUAHOBOW KHMCJIOTHI M ILIOIIAAb Sy, MPUXOMSIIYIOCS Ha MOJIEKYJIy Ha IIOBEPXHOCTH
paznena BoaHbIM pacTtBop — Bo3ayX npu T = 350 K u xonuentpauuu ¢ = 0,0001
KMOJIB/M>, €CJIM U3BECTHBI KOHCTAaHThI ypaBHeHus [lInmkosckoro: a = 17,7-10%; b =
19,72.

Pemenue: 1o ypaBuenuto [lummkoBckoro ¢ = 6o — a In (1 + be). Ilocne nud-
bepenunpoBanus noxyuuM -do/dc =a b/ (1 + be).

[ToxcranoBka mpaBoil 4acTU ATOTO ypaBHEHUS B ypaBHeHue ['1O0ca mpuBOAUT K
BBIPAKEHUIO:

I'=(ab/RT) ¢/ (1+be)

ITpy cONMOCTABIEHUH JaHHOTO YPABHEHHUS ¢ ypaBHEHHEM JIeHrMIopa
a=a» kc/ (1 +ke), Bugum, uro k=b=19,72;a=17,7-107
ax=a/RT=17,7107/8,314-10°350 = 6,08-10.

So =1/ ax Na = 1/6,08 :10°-6,02: 10>} =27 - 102° M>= 0,27 um>.

3anava 3.4. Haiinure noOBEpXHOCTHYIO aKTUBHOCTH BaJIE€PUAHOBOM KUCIIOTHI Ha
rpaHuIle €€ BOJHOro pacTBopa ¢ Bo3ayxoM mpu C=0,01 mosb/n. 3HaueHUs: KOHCTAHT
ypaBuenus [lumikosckoro a = 17,7; b =19,72.
Pemenne: 1o ypaBaenuto [umikoBckoro ¢ = 6o — a In (1 + be). duddepen-
nupyeM: -do/dc =a b/ (1 + be).

-do/dc =G =17,7 - 19,72/(1+19,72-0,01)=294 spr cM/M0b.

4. MOJIEKYJIIPHO-KUHETUYECKHUE CBOMCTBA JUCIEPCHBIX
CUCTEM

K MOJIeKyIsIpHO-KMHETUYECKUM CBOWMCTBAM JIHMCIIEPCHBIX CHUCTEM OTHOCSTCS
OpOoyHOBCKOE ABWXEHUE, TP Y3HsI, OCMOTUYECKOE ABJICHUE U CEIMMCHTAIIMOHHAS
YCTOMYUBOCTb.

HaOnronenue 3a KOJJIOMAHBIMU YacTUIIAMHU C TOMOIIBIO YJIBTPAMUKPOCKOIA
MOKAa3bIBAECT, UTO OHU B COTJIACHUH C MOJICKYJIAPHO-KMHETUYECKOU TEOPUEU HAXOIATCSA
B HENPEPHIBHOM XAaOTHYECKOM ABHKEHUU. CI0KHAsI TPACKTOPHUS JBHKEHUS — CIIE]I-
CTBUE OECIIOPAIOUHBIX YJIAPOB, KOTOPHIE UCIIBITHIBAET YaCTUIIA CO CTOPOHBI MOJIEKYT
Cpelpl, HaXOAALIMXCs B TEIUIOBOM JBW)KEHUU. BeiencrBue OrpoMHOro 4mcia ToJ4-
KOB, KOTOPBIE HAHOCATCS KOJUIOUIHBIM YacTULIAM, OHU MEHSAIOT CKOPOCTh U HaIlpas-
JICHUE JBHWXKEHUSI OYE€Hb 4acTO. MOJEKYIIPHO-KMHETHYECKAsI TEOPUS JAaeT BO3MOXK-
HOCTb IIOJICUUTATh, YTO KOJUIOMJHASA YaCTULA MOXKET M3MEHUTH HAIpPaBIICHUE JIBU-
xennst 10 10?°pa3 B cexynay. COBEpIIEHHO OYEBUIHO, YTO UCTUHHBIA IIyTh KOJLIO-
WJIHOW YacCTHUIIbl, a CIEIOBATEIBHO, U CKOPOCTh €€ JABWKCHUSA HE MOJJANOTCS U3MeE-

penuo. MOKHO, OJJHAKO, JIETKO M JIOCTOBEPHO OMNPEAEIUTh CpeIHEe paccTosHue A
Ha KOTOPOE CMEIAeTCs YacTUIla 3a ONpeAeTICHHBINA TPOMEXYTOK BPEMEHH t.
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CoriacHo MOJIEKYJISIPHO-KHHETHUECKOM TEOPUH, MEXITY A W ¢ CYIIECTBYET CO-
OTHOIIICHUE

A =+/2Dt, 4.1)

rae D — kodgpuument nuddy3un, paBHblid, Kak ObUIO YCTAHOBICHO DWHITEHHOM
(1906)

RT

D=—— 4.2
Né6znr’ (4.2)

rae R — razoBas nocrosiHHast; 7' — aOcontoTHas Temreparypa; N4 — 4ucio ABOrajpo;
77— BA3KOCTb JUCIIEPCUOHHOM CpPEIbl; 7 — paJlyC 4acTHULl.

VYpaBHenue ODitHmTeiHa - CMOIyXoBCKOro (ypaBHeHue 4.1) cBsi3pIBaeT cpen-
HUI CIABUT C MapamMeTpaMu IUCIIEPCUOHHON CPebl M ¢ pa3MepaMu JIBIKYIIUXCS da-
CTHII. YBEJIWYCHHE BPEMEHU HAOIIOACHUS TMO3BOJISET MOJIy4aTh OOJIBIIOE 3HAUCHHE
caBHra. Bs3KocTh cpenbl 3aMeIIIseT ABIKEHNE YaCTHII.

Mepoii npouecca nuddys3un sBasercs kodbpduuueHt auddy3un. DUHIITEHH
nokasai, 4To ko3 guiuenT qudPy3uu D 3aBUCUT OT CBOMCTB IUCTIEPCUOHHON CpeIbl
U OT pa3mepoB quddyHaupyromux vactul (ypaBHenue 4.2). M3 3Toro ypaBHeHUs
CIEAYEeT, YTO YeM OOJIbIIIe PaJuyC YacTHUIl, TeM MEHbIIe KodpbuuueHT nuddy3umn.
Jia 3oneit koapduuueHT nud@y3un 3HAUUTENBHO MEHbINE, YE€M U HUCTUHHBIX
pacTBOpOB. A3p030JIM XapaKTEPU3YHOTCS OOJBIIMMU 3HAYEHUSMHU Kod(duuneHrta
nuddys3un, T.K. BI3KOCTH BO3AyXa HeBeIMKa U cocTansieT 2107 ITa-c. Koo duiment
I ¢y3un npsMoO MPONOPLHUOHAIEH TEMIIepaType: ¢ POCTOM TeMIepaTypbl yBEJIU-
YUBACTCS HHTCHCUBHOCTh OPOYHOBCKOTO JIBIKCHUS U TUDPy3Hs.

KonnuecTBeHHass CBSA3b MEXKIY CpeOHEN CKOPOCTHIO CMEIIECHMS KOJIJIOWIHOU
YaCTULIBI U €€ JIMHEHHBIMU pa3MepaMu MOATBEPXKACHA OMBITOM. TakuM oOpas3om, pe-
3yJIbTAThl UCCIIENOBAaHUS OpPOYHOBCKOIO JBIIKEHHUS SIBUINCH JOKa3aTeNbCTBOM IIpa-
BUJIBHOCTH MOJICKYJISIPHO-KMHETHYECKOW TEOPHH W TOATBEPIWIA peajbHOe Cylle-
CTBOBaHUE MOJIEKYJL.

Yactulisl 110001 TUCTIEPCHOM CUCTEMBI, HAXOSICh B chepe MPUTHKEHUS 3eMITH,
UCTIBITHIBAIOT JICHCTBUE TPABUTAIIMOHHBIX cuil. C Ipyrol CTOPOHBI B3BEIICHHBIC Ya-
CTHLIBI MOABEPKEHBI AUPPY3UH, CTPEMSLIEICS BBIPOBHATh KOHIIEHTPALMIO BO BCEX
TOukax cuctembl. Korna HacTymaer paBHOBECHE, YACTHIIbl OIPEECIEHHBIM 00pa3oM
pacnpenensroTcs OTHOCHUTEIIBHO MOBEPXHOCTHU 3emin. Judpdy3uon-
HO-CeIMMEHTAIIMOHHOEe PaBHOBECHE — 3TO PABHOBECHOE paclpefelIeHue 4acTull IO
BBICOTE B M0JI€ 3¢MHOT'O TATOTEHUSI.

Pacrnipenenenue yacTuil o BbICOTE MPU JOCTHXKEHUN PaBHOBECHUS OTIpEAEIsieT
CEIMMEHTAIlMOHHYIO YCTOMYMBOCTh KOJIJIOWTHOW CHUCTEMBI. 3a MEpy CeIrMEHTAIlH-
OHHOHM yCTOMYMBOCTH MPUHUMAIOT THIICOMETPHYECKYI0 BBICOTY, HA KOTOPOU YHCIIO
YacTULl B €IUHUIIE 00beMa Vv, (YMCIIeHHAsT KOHIICHTpAIUsl) — CTAaHOBHUTCS B JIBa pasa
MEHBIIIE UCXOTHON KOHIICHTPAIIUH Vo Ha TIOBEPXHOCTH 3EMIIH.

['urncomeTpruyecKyro BBICOTY sl c(hepUvecKrX YacTHI] ONPEAETSIoT Mo (Hop-
MyJie:

hiz = (RTIn2)/(4/3nr*Na(p—po)) (4.3)
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I7le g — YCKOpeHUe cBOOOJAHOIrO MAJEHUs; p U po— IUIOTHOCTh YaCTHIIBI U TUCIIEPCH-
OHHOM Cpebl, KI/M>; F — pajiiyC YacTHIIBI, M.
CenMMEHTallMOHHO-YCTOMYMBBIE KOJUIOUIHBIE CUCTEMBI (30J1M, CTaOUIN3UPO-

BaHHBIE IMYJIbCUN) MOTYT COXPAHATHCS 0€3 OCAXKIEHUS TOJITOE BPEMS.

B MuKporeTeporeHHbIx cuctemMax (CyCHeH3UsX, IMYJIbCUSAX, Ia30BbIX IMYJIbCHU-
X, a3PO30JIX), YACTULBI KOTOPBIX Ojaroaapsi 00JbLION Macce HE MOT'YT IPUHUMATh
y4acTusl B TEIUIOBOM (OpOYHOBCKOM) JIBUKEHHM, IPOUCXOAUT CEAMMEHTAIUs, Ooca-
KJIEHUE WM BCIUIbIBaHME yacTHll. YacTuibl qUcnepcHOM (a3bl B IPaBUTALUOHHOM
I0JIE OCENAI0T, €CJIU UX IJIOTHOCTH OO0JIbIlIE INIOTHOCTH JUCIEPCUOHHON CpeNbl, WIH
BCILIBIBAIOT, €CJIM UX IJIOTHOCTh MEHBLIE TUIOTHOCTH IUCIIEPCUOHHON CpPEBI.

CenmMeHTanys 4acTULl B )KUIKOHN cpejlie moaunHsaeTcs 3akoHy CTokca:

—_—

r=KVu, rme K= V(9n) / (2(p—po)g) (4.4)

B s1oit popmye: # — BA3KOCTb JKUIKOCTH, U — CKOPOCTh JABIKeHUs yacTuil. Kon-
cTaHTa K XapaKkTepu3yeT TUCIEPCUOHHYIO CPEY U TUCIEPCHYIO (a3y.

Cycrnien3nn, BCTpEYarONIMECS B MPAKTUKE, Yalle BCETO MOJUIUCIEPCHBI, ITO-
ATOMY CKOPOCTH OCaXKIAEHUS YacTHI] Pa3IMYHbIX (Ppakiuil pa3Hble: KPYNHbIE Ya-
CTHILIBI OCAXKAAIOTCS ObICTpEe, MEJIKUE — MeIJICHHEE. 3Hasi CKOPOCTh CEJMMEHTALINY,
MOKHO pacCUuTaTh pajuychl ocerarommx yactul. CeIMMEHTAllMOHHBIA aHaIu3
CYCIIEH3UHU COCTABJISIET OCHOBY METOJ[a pacyeTa KPUBBIX PacIpeeiIcHUs BEUIECTBA
CYCII€H3MH 110 paJnyCcaM YacCTHII.

Ilon nevicTBUEM IpaBUTALIMOHHOIO ITOJISI OCEAAIOT TOJIBKO JOCTATOYHO KPYIIHbIE
yactulbl. Koyutongaeie 4acTULBI IO AEHCTBUEM CHIIBI TSKECTH HE CEAUMEHTUPYIOT
WIN CEAUMEHTHUPYIOT OYEHb MEIJICHHO. ECIM 3aMEHUTh IpaBUTALlMOHHOE I1I0JIE JIEeH-
CTBUEM LEHTPUDPYTH C OOIBIINM YCKOPEHHEM, TO OyAyT OcelaTh U KOJIJIOUTHBIC Ya-
CTHULIBI.

4.1.1lpuMepsI pelieHUus 3a1a4

3agaua 4.1. Onpenenute ko3pduunent qudpdy3un D u cpeaHeKBaIpaTUIHbINA

CIBUT A YacTUIlbl TUIpo30did 3a BpeMs 7 = 10 ¢. 7= 293 K, BIA3KOCTb Cpefpl 7 =
10Ia-c, » = 50 HM.

Pemienne: Koapdhunment nuddyszun D paccuuThiBaeTCs M0 YpaBHEHHUIO DWH-
IITEHHA:

D = RT/Na - 1/6mnr = (8,31-29/(6,02-10%- 6-3,14:10°-50-107) = 4,3-10"12 m/c.

Koapdumment auddy3un u cpeaHUil CABUT YACTHIBI CBS3aHbI YpaBHEHHUEM
OiiHmreliHa-CmonyxoBckoro (4.1). Torma cpeaHekBaIpaTUUHBIA CHABUT YaCTHULBI
COCTaBHT:

A=+2Dt=v2-43-10"12-10=8,6 - 10" m.

3agaua 4.2. Onpenenure paguyc rUAPO30IIsl 30J0Ta, €CIIH MOCIIe YCTAaHOBIICHUS
muddy3uoHHO-CETUMEHTAITMOHHOTO paBHOBecus 1pu 293 K Ha BeicoTe £ = 8,56 cm
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KOHIIEHTPAIMs YaCTUIl U3MEHSETC B e pa3. [lnoTHocTs 30m0ta p = 19,3 r/cm’, mor-
HOCTB BOJIBI po = 1,0 r/cM’.,

Pemenne: [Ipu ycranonennu qudpy3noHHO-CEAMMEHTAIMOHHOTO PAaBHOBECHUS
pacrnpeseneHue 4YacTUIl N0 BBICOTE PACCUMTHIBAECTCS MO YPAaBHEHUIO TMIICOMETPHUYE-
CKOI'0 3aKOHa:

Vi vg(p—po)h
In—=
Vo kT

CornacHo yCIIOBHIO 33J1aud Vi = Vo /e, Toraa In vin/vo = -1.

O6beM chepuueckoit yactuisl v = 4/3 w r’. Torna,

3KT 3-1,38:1023-293
r =%/ =3 =3,9810° m._
41 g h (p—po) 4-3,14-9,81-8,56:10%(19,3-1)

3amauya 4.3. PaccuuTaiite pa3Mep 4acTHI] JUOKCHIA KPEMHHUS, €CIIM U3BECTHO,
4TO BpeMs MX OCelaHus ¢ Ha paccTosuue i = 102 m cocrainser 60 mun. [I10THOCTS
nucnepcHoit dgasel p = 2,7 -10° u aucnepcuonnoit cpenpl po= 1-10° kr/M>; BI3KOCTH
cpenst 1,5 1073 Ta-c.

Pemenne: 1o 3axkony Ctokca

r=Onu)/2(p-po)g); u=h/t=102/3600 m/c;

r=v(9-1,510%102) / (2:(2,27-10°-1-10%)-9,81-3600) = 1,06 MxM.

5. 3JJEKTPOKUHETUYECKHUE CBOMCTBA JUCHEPCHBIX CUCTEM

JlucriepcHbIE YacTUIlbl PA3IUYHBIX MaTEPUATIOB, HAXOASCh B MOHOTCHHBIX TIO-
JSIPHBIX cpenax (Bojia, CIUPTHI, BOJHO-OPTaHUYECKUE PACTBOPHI) MPUOOPETAIOT MO-
BEPXHOCTHBIN 3apsj Ojarojapsi CEJIEKTUBHOM aJCcOpOIMU MOHOB S3JEKTPOJIUTA U3
pactBopa. [IpnunHO BOZHMKHOBEHUSI TOBEPXHOCTHOT'O 3JIEKTPUYECKOIO 3apsiga Mo-
I'yT OBITH TaKke 00pa3oBaHUE MOBEPXHOCTHBIX MOHOTEHHBIX COEJUHEHUHN, OpUEHTA-
1Sl MOJIEKYJI TOBEPXHOCTHO-aKTUBHBIX BenlecTB (IIAB) Ha rpanune pasnena. B yr-
JICBOJIOPOJIHBIX CpeJaX YacTHUIIBl JTUCIEPCHOM ha3bl YacTO MPUOOPETAIOT 3apsij
BCJICJICTBUE OPUEHTALIMM TMOJISPHBIX MOJIEKYJ] BOJIbI Ha TPAaHUIE YAaCTHIA - YIJIEBO-
nopoaHas cpena. BOmusu 3apsokeHHON MOBEPXHOCTH (pOpMUpPYETCS JBOMHOM deK-
tpudeckuii cnoit (I9C), KOTOpblii COCTOUT U3 3apsHKEHHON MOBEPXHOCTU C MOTEH-
[UAJIOM @, U MPOTHUBOIOJIOXHO 3apPSHKEHHOM YacTH CJOsl, B KOTOPOM HaxoMdsITCs
IpPOTUBOUOHKI (puc.5.1).

OpaHa yacTh IPOTHBOMOHOB PACIIONAraeTCs HEMOCPEICTBEHHO Ha 3apsiKEHHOU
MOBEPXHOCTH, 00pa3ys aJcopOIMOHHBIN (MUIOTHBIN) cioi [enpmronbma. [pyras

29



4acTh MPOTUBOHOHOB TMOJ| EHCTBHEM OpPOYHOBCKOTO JIBHXKEHUS pacIipeleisiercs B
ooweMe (asbl u obpaszyer muddysuonnsii cmoit ['yu. TommmHa aacopOIIMOHHOTO
cinos ['enbmrosnbiia paBHa 1uaMeTpy npotTuBouoHa. [IpotuBonons! Auddy3Hol yacTu
JIOC pacnpenensaroTcs B MOJIE MMOBEPXHOCTHOTO NMOTEHIMANA B COOTBETCTBUU C 3a-
koHOM bonbimana. Teopus mokasbpIBaeT, 4To MoTeHMan B AU y3HONH YacTu Cilos
CHIDKAETCSl C PACCTOSTHUEM 10 dKcroHeHTe. TonmuHa aud@y3uoHHOro €os CooT-
BETCTBYET PACCTOSHHIO, Ha KOTOpoM moreHuuan aupdysnonHoin yactu J9C ¢s
YMEHBUIAECTCS B € Pas.

TonmuHa (U y3UOHHOTO €0 YMEHBIIAETCS ¢ POCTOM KOHIIEHTpALMH dJIeK-
TPOJIUTA, 3apsifia €0 HOHOB U C YMEHBIICHUEM TEMIIEPATYPHI.

[Ipu HarpaBIEHHOM JBHUYKEHUU JKUJKOCTH OTHOCUTEJIBHO TBEPIOIO Teia (HJiH,
Ha00O0pOT, TBEPAOTrO Tejla OTHOCUTENBHO KUAKOCTH) HA MIOBEPXHOCTH TBEPJIOTO TeJa
COXpaHSIETCS HEMOJABUKHBINA CIOM KUJIKOCTH. TakuM 00pa3oM, CKOJIbKEHHUE JKUIKOM
(a3bl OTHOCUTETHLHO TBEPAON MPOUCXOIUT HE HEMIOCPECTBEHHO HA TPAaHUIIE TBEpIas
¢aza — KUAKOCTh, a B CAMOM JKUJIKOCTH Ha paccTOSTHUM A OT TBepoil ¢a3bl. JTa Be-
anYruHa A UMEET MOJNEKYIISIPHBIE pa3MeEphl, CPABHUMBIE C pa3MepaMu MOJIEKYJI. YacTp
IIPOTUBOMOHOB OCTA€TCSI B 3TOM HEMOJABHXHOM CJIO€ JKMJIKOCTH, YaCTh — B JBUXKY-
nieMcs. Pa3HOCTh MOTEHIIMANIOB MEK/1y HETIOIBUKHOM YaCThIO CUCTEMBI U IIOIBUKHOM
NOJIyYrJia Ha3BaHUE «3JIEKTPOKMHETHYECKH A MOTEHIUAID).

/
s

Puc.5.1.JIBOMHOM 3JIEKTPUYECKHI CIOM U N3MEHEHUE B HEM MTOTEHIIMAIA

Takum 00pa3oM, >IE€KTPOKMHETUYECKUN MOTEHIMal BO3HUKAET TOJBKO IMpHU
HaMpaBJIEHHOM JBIKEHUU JKUIKOCTH OTHOCHUTEIBFHO TBEPIOTO Teia (MM Ha000pOT).
[IprHIMINATBHOTO PA3INYMA MEXAY dTUMU ABYMS Clly4dassMU HeT. Ecim TBepioe Teo
(HampuMep, KOJUIOMJHAs YacTHLa) NEpPEeMEINaeTCs OTHOCHUTEIbHO HENOJBHKHOU
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AKHUJKOCTH, TO BMECTE C TBEPIBIM TEJIOM MEPEMEIIACTCS CION KUIKOCTH, HEMOABUKHO
CBSI3aHHBIN C TBEPABIM TEI0M. CKOJIBXKEHUE U B 3TOM CIIy4ae IPOUCXOIUT B KUJIKOCTH
Ha HEKOTOPOM PACCTOSTHUU A OT MOBEPXHOCTHU TBEPJOTO Tea.

Taxkum o0pazom, PIEKTPOKMHETUYECKUN TTOTEHIIMA — 3TO Pa3HOCTh MOTEHIIU-
aJIOB MEXIY MOBEPXHOCTHIO TBEPJAOrO TeNla U CJIOEM YKUJIKOCTH, HETOJBH)XHO CBS-
3aHHOM C TBEPABIM TEJIOM, C OJHOW CTOPOHBI, U JKUJIKOCTBIO, KOTOPAs IEPEMEIIAECTCS
OTHOCUTEJIBHO TBEPJOro Tesia (WM HaoO0OpOT, KOTJa TBEPIOE TEJI0 MepeMellaeTcs
OTHOCUTEJIBHO KUIKOCTH).

BenuuuHa 531€KTPOKMHETUYECKOTO TMOTEHIMania 0003HAaYaeTcs TIpedyecKoi
OykBol &, (m3eTa) M HA3BIBACTCS J3ETA-TOTCHIIMAIOM; OH OTJIMYACTCSA OT IaJICHHS
noTeHIana @s B 1udPpy3HoM ciaoe. ITo 0OBSICHICTCS TEM, YTO IPaHUIIa CKOJIbKCHHUS,
KaK MMPaBWJIO, HE COBITAJAET C TpaHUIIEH MEXY cioeM ['enpmroibiia u cioem ['yu, a
OTCTOUT Ha HEKOTOPOM PACCTOSIHUM OT 3TOW IpaHUlIbl (B CTOPOHY KUAKOCTH). Takum
00pa3oM, BEIMYMHA JIEKTPOKMHETHUECKOTO MOTEHI[MAIa 3aBUCUT HE TOJILKO OT Xa-
pakTepa majeHusl MOTCHITMANIA B TBOMHOM U Mud(Py3HOM CIIOSIX, HO U OT Xapakrepa
JBIDKCHUS KUJIKOCTU BOJIU3U TBEPJION MOBEPXHOCTH, KOTOPOE B CBOIO OYEPE/lb CBSI-
3aHO C BSI3KOCTBIO KUIKOCTH.

BenuunHa ¥ TJIOTHOCTH 3apsijia TBEPJIOM MOBEPXHOCTH OOJIBIIIE CYMMapHOTO
3apsiia TBEPAOU MOBEPXHOCTHU U CBSI3AHHOM C HEM HEMOABUKHO KUIKOCTH, B KOTOPOH
COJIEPKUTCSI HEKOTOPBIM M30BITOK MPOTUBOUOHOB. UeM O0JbIlle KOHIIEHTpALUs MPo-
TUBOMOHOB B 3TOM HEMOJIBU)KHOM CJIO€ KHIKOCTH, KOTOPBIN Ha3bIBAETCs aJCcopOIu-
OHHBIM, TEM MEHBIIIE CyMMapHBbIi 3apsi TBEPJION YaCTUIIbI (BMECTE C HEMOBUKHBIM
CJI0€M >KHJKOCTH) U TEM MEHBIIIE JIEKTPOKUHETUUECKUI MTOTEHIIHAIL.

[Tox nmeiicTBHEM AJIEKTPUUECKOTO TOJISI MOTYT JBUTAThCS TUcCIiepcHas (asza oT-
HOCUTEJIBHO JUCIEPCUOHHON cpellbl (3JaeKTpodope3) WM IUCIEPCHOHHAs cpena
OTHOCUTEILHO JUCTIEPCHOU (ha3bl (3JIEKTPOOCMOC). BOZHUKHOBEHUE dIIEKTPUICCKOMN
Pa3HOCTH MOTEHIMAJIOB MPU OCAXKIACHUU YACTHI] TUCTIEPCHOUN (pa3bl (CeaMMEHTAIINH )
Ha3bIBAETCSA MOTEHIIHAJIOM OCAKIEHHSs, & BOSHUKHOBEHHE AJIEKTPUUECKON pa3HOCTHU
MOTEHIIUAJIOB TIPU JBUKEHUU CPEbl OTHOCUTEIBLHO JUCHEPCHOUN (pa3bl Ha3bIBAETCS
NMOTEHI[HAJIOM TeYeHHUs.

3HaYeHUE JJICKTPOKUHETHUYECKOTO TMOTEHIMAIa BO3ZHUKAIOLIETO MPHU JJIEKTPO-
dope3e WM DIEKTPOOCMOCE, MOXKHO pacCUUTaTh IO YypaBHEHUIO ['enbMronb-
na-CmoityxoBckoro. BennwumHa 3JIEKTPOKMHETHYECKOIO ITOTEHLIHANIA 3aBUCHT OT
KOHIEHTPAIIM UOHOB 3JIEKTPOJIMTOB B PAaCTBOpPE M OT UX 3apsna. YeM OoJblie KOH-
[IEHTpAIUsl pacTBOpa dSJEKTPOJIUTA, TEM MEHbIIE TOoNIMHA AU(PGY3UOHHON YacTH
J3C, Tem Menblie {—norennuain; ¢ =0, ecinu noHbI T PY3nOHHOTO CIOS TEPEUTyT B
a7ICOPOITMOHHBIN.

['fokkenb BepBbIE yKa3zaldl Ha CYIIECTBOBAHHE 3JIEKTPOPOPETUUECKOTO TOPMO-
KEHHSI: TIOJ ICWCTBUEM BHEIIHETO JIEKTPHUUECKOro Mot Au(Gy3HbIM HOHHBIN CION
nepeMeIaeTcs B HalpaBJICHUH, TPOTUBOIOIOKHOM JIBUKEHUIO YacTuil. B pe3ynbrare
Bo3HUKaeT noJisgpusanus JIC, o0pa3yroTcsi JUIONH, 3JIEKTPUUYECKOE MOJIE KOTOPBIX
HaIPaBJICHO MPOTHUBOIOJI0KHO BHEUTHEMY 3JIEKTPUUECKOMY OO0, dIEKTpodopeTu-
yecKasi CKOPOCTh YMEHBIIIACTCSl U ¢—TMOTEHIMal Oy/IeT MEHbIIE, YeM PacCUYUTAHHBIN
110 ypaBHEHNIO CMOJTyXOBCKOTO.

31



[1pu HANOKEHUU PIEKTPUUECKOTO MOJISI TPOUCXOJIUT IICKTPUUECKAS peaKcalus
YaCTHII, YTO MPUBOJUT K YMEHBIIICHHUIO 3IEKTPO(HOPETUUECKOM CKOPOCTH.

[Ipu pacuere {—moTeHIMANa MO JAHHBIM DJIEKTPOOCMOCA CIIEIyeT YYUTHIBATH
0COOEHHOCTH 3TOT0 Ipolecca.

¢—TOTEeHIMAJ 3aBUCUT OT pa3Mepa IMop JJis MEJIKOTIOPUCTHIX MOPOIIKOB U JTHa-
dbparM, 3TO OOBACHSAETCS MOBEPXHOCTHOW MPOBOAUMOCTHIO, T.K. MPOBOIUMOCTD
xuakoctu U yactunl TBepAod (as3wl Bbille, yeM B oObeMe, 3a cueT JIIC momepx-
HOCTHAs IPOBOJUMOCTH BO3PACTAET C YMEHBIIIEHHEM pajinyca op. YToObI MOITyYUTh
UCTUHHOE 3HauYeHHE ¢—TOTEHIMAala HaJ0 BBECTH B pacydeT MONpPaBOYHBIN K03Pdu-
LUEHT d.

[To 3HaueHMIO U XapaKTepy U3MEHEHHUS (—TOTEHIINAJIa YACTHUIL 30JIei, SMYJIbCU,
MOPOIIIKOB, TOPUCTHIX TEJI MOXKHO CY3UTh 00 ycTONUYHBOCTH 301 ¥ 0 cTtpoeHuu [19C
ATUX CUCTEM U BJIIMSTHUHM HA HETO PA3IMYHBIX (PAKTOPOB. IIEKTPOPOpe3 UCIIONH3YETCS
HE TOJIbKO B MEJIMIIMHE, HO U JIJISI HAHECEHUSI TOKPBHITUI Ha TOBEPXHOCTh MPOBOTHHU-
KOB U JIUDJIEKTPUKOB; JIEKTPOOCMOC UCTOJIB3YIOT JIJIsl OCYIIKH MOPOIIKOB, TOPUCTHIX
TeJ, TPYHTOB.

S5.1.11pumepsI penieHus 3a1a4

3agaua 5.1. Paccuuraiite {-TOTEHIIMAN YAaCTHI] TOJUCTUPOIBLHOIO JIaTEKca:
CMEIIEHHE LBETHON TPAHUIILI 3001 a IIpH dj1ekTpodopese coctapiser 2,5-102 M 3a
BpeMs t, paBHoe 60 MuH. HanpsbkeHue, NpuiIoKeHHOE K KOHIIaM 3JIEKTpoaoB, E=115
B. Paccrositnue mexny snexkrpogamu L = 0,55 m. Jlusnexkrpruyeckasi IpOHUIIAEMOCTh
cpennl pasHa 81. Baskocts cpenpt 7 = 1-107 I1a-c. DieKTpuuecKas MOCTOSHHAS &9 =
8,85-10°12 ®/m.

Pemenne: YpaBHenue CMOIIyXOBCKOr0, CBSI3BIBAIOIIEE ¢ - MOTEHIMA YaCTHUII C
JMHEHHOW CKOPOCTHIO AMEKTpodopesa uo BrIpaKaeTCs Kak:

E=(uom)/ (¢ € ‘H), tne H=E / L - HanpsHK€eHHOCTH BHEITHETO TOJIA.
JluneitHas cKOpoCTh paBHa: up=a/t=2,5-102/3600 = 0,7 10~ m/c.
H=115/0,55=209 B/m.

E=(1-103-0,7 107) / (81- 8 -85 -107'2-209) = 0,046 B.

3amaua 5.2. PaccuuraiiTe 3J€KTPOKUHETUYECKUN MOTEHIMAT HA TpaHUIIC Ke-
pamuueckuii puibTp — BoaHBIN pacTBop KC1, ecau npu npoTekaHuu pacTBopa IMoj
JIABJICHUEM p = 3,1-10* I1a moTenuuman Teuenus cocrasuwi U = 1,210 B. CpoiicTBa
JUCIIEPCUOHHOM cpepl pu 298 K: yaenbHas 21eKTponpoBoaHocTh y = 0,141 Cmrm™,
Konunentparust Bognoro pacrsopa KC1 cocrasisier 0,01 M, BsI3kocTh pacTBopa # =
8,94-10* ITa-c, mpoHMIIAEMOCTE & = 78,5. DileKTpruecKas OCTOsHHAs &) = 8,85-10712
d/m.

Pemenne: 3aBUCMMOCTh MOTEHIIMAJIA TEYEHUS OT MPUIIOKEHHOTO JABJICHUS U
CBOWCTB JUCIIEPCHOM CUCTEMBI BBIPAXKAETCS COOTHOLIEHUEM

U= (g &0 -&p)/ (ny), oOTKyna
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E=(U-n-y) /(e - p)=(1,2-102-8,94-1040,141)/ (78,5-8,85-10"12:3,1-10%) =
0,07 B.

3agaya 5.3. DNEKTPOKMHETHYECKMM IOTEHIMaN vactul ruaposons 50 mB.
[Ipunoxennas BHemHsAs D/IC 240 B, paccrosHune mexnay snekrponamu 40 cMm; BblI-
YUCIIUThH ANEKTPOPOPETHUECKYIO CKOPOCTh YaCTHUIL 30151, €CIu (popMa MX LUIHHIPHU-
geckas. Baskocts Bogpl #7=1-107 Ila-c, quoneKTpuUecKas MPOHUIIAEMOCTE cpebl 81.

Pemenue: U3 GopMysbl 371€KTPOKHHETHYECKOTO MOTEHIMANIA YACTHUIl IUINH-
npuueckoir popmbl: ¢ = (4 uom) / (¢ - H) Haxonum 31eKTpohopeTHUecKyro CKO-
POCTB:

w=(€-& - H)/(4n-n),tne H=E /L =240/0,40 = 600 B/m.
uo = (0,05-81-600) / (4:3,14-1-10%) = 1,94-10° m/c

6. CTPYKTYPHO-MEXAHUYECKHUE CBOMCTBA JJUCIIEPCHBIX
CUCTEM

HamnpaBnennass mexaHnyeckasi Harpy3ka BbI3bIBAE€T NEPEMELIEHNUE YACTEN JUC-
MIEPCUOHHOM cucTeMbl. BO3MOXHBI 1Ba Caydasi: a) PU MOCTOSIHHON Harpy3Ke OTHO-
CUTEJIbHOE TIEPEMEIIICHUE TOYEK CUCTEMBbI MPEKPATUTCS; 0) YACTHIIHI MEPEMEIAI0TCS
BCE BpEMsl, [I0KA CUCTEMA UCTIBITHIBAET JEHCTBUE BHEITHUX CUJI (T€UEHHE CUCTEMBI). B
MIEPBOM CJIy4dae BBIABIISIIOT XapakTep 3aBUCUMOCTH MEXIY BHEINITHUMHU MEXaHHYe-
CKUMH CHJIaMU M OTHOCHUTEIIbHBIM TIepeMelIeHneM dacTtull (nedopmarueii). Bo BTO-
pOM cilydae yCTaHaBJIMBAIOT 3aBUCUMOCTh CKOPOCTH OTHOCUTEIBHOTO MepEeMEICHUS
YacTHUIl OT BHEIIHUX CHUJI.

B 305X, cycneH3usX, SMyJIbCUSIX U PAacTBOPaX MOJUMEPOB M MbBLI BO3MOXKEH
MPOIIECC CTPYKTYPOOOpa3OBaHUsl, KOTOPIN M3MEHSET BA3KOCTh U TEKYyUeCTh CUCTE-
MbI. CTpyKTypooOpa3oBaHHE€, T.€. BOSHUKHOBEHHWE BHYTPHU JUCIEPCHOU CUCTEMBbI
MEXAaHUYECKU MPOYHON CETKH, MOCTPOEHHOM M3 OTIEIbHBIX OPUEHTUPOBAHHBIX Ya-
CTHI], — 3TO Yalle BCETro pe3yJbTaT HEOJUHAKOBON JIMO(DUIBHOCTH MMOBEPXHOCTH Ya-
CTHLI.

JInooOHO-MMoGUIBbHAS MO3aMYHOCTh TOBEPXHOCTH YACTHUI[ OO0YCIOBIMBAET
o0pa3oBaHME CTPYKTYp MpPHU CIUIAHUH YACTHUIl. B MpocTpaHCTBE MEXy YaCTUIIAMH
HAXOJIATCS MPOCIONKHA TUCTIEPCUOHHOU cpenbl. [Ipu mocTtaTouHo OONBIIONH KOHIEH-
TpalUU 30Jis1 WIM CYCHEH3UU MOXKET MPOU30UTHU MOJHAsA MoTeps TeKydecTu. B koin-
JIOWJTHBIX CHCTEMaX YacCTHIlbI, 00pa3yIoIIHe CTPYKTYPY, CBA3aHBI MEKIY COOOW MO-
JNEKyJApHbIMUA cuiiaMH. [l03TOMy MONydYeHHBIE CTPYKTYPhl YacTO MAJIONPOYHBI U
CPaBHUTEIIBHO JIETKO pa3pylaroTcs. J{Jis MHOTHMX CTPYKTYpPUPOBAHHBIX CHCTEM Xa-
pPaKTEepHO siBJIEHHE TUKCOTponuu. OHO 3aKJII0YaeTcsi B TOM, YTO CTPYKTYypa, pa3py-
IasCh MPU PHEPTUUYHOM MEXAHUYECKOM BO3JEUCTBUU (B30aiThIBAaHUE, MEPEMEIIIN-
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BaHNE), BHOBh BOCCTAHABIIMBACTCS BO BPEMEHH. THKCOTPOITHBI TJIMHBI, MACIISHBIC
KpPacKu, CTYIHH.

HeonnopoaHOCTh cosibBAaTAllMM YaCTUIl MOXET ObITb CBOWCTBOM JIaHHOM CHU-
CTEMBbI (HaIpUMeEp, YaCTHUIIBI KAOJMHA, UMEsI PEe3KO acCUMETPHUYHYIO (hopmy, Maio
COJIbBATHPOBAHEKI 10 yTJIaM KOHTYpa YaCTHII), & TAKKE MOXKET ObITh BBI3BaHa J00aB-
JICHUEM DJIEKTPOJIUTa (KOATyJSIIMOHHOE CTPYKTYpOOOpa3oBaHUE) WM CTAPEHUEM.
Koarynsunonueie cTpyKTypbl TUKCOTPONIHBL. [Ipy nefcTBUM BHELMIHUX CHUJI OHU pa3-
pYIIAIOTCs, TIOCNIe CHATHUSI HAarpy3KH, HE BBI3BIBAIOIICH pa3pyLICHUs, KOATYJISIIMOH-
HbIE CTPYKTYpbl OOHApPY>KMBAIOT JIBa BUJA BBICOKOXJIACTUYHOU nedopmanuu: ObICT-
pyto (Bpems penakcarmu 107 — 107 ¢) u Mmeqnennyro (Bpems penakcamuu 10% — 10° ¢).

Hapsiny ¢ KoarynsiuoHHBIM CTPYKTYpPOOOpa3oBaHHEM BO3MOXKHO O0Opa30BaHUE
MPOYHBIX KOHJIECHCAIIMOHHO-KPUCTAUTU3AIIMOHHBIX CTPYKTYp B IpOIlEccax OTBep/ie-
HUSI MUHEPAIBHBIX BSDKYIIUX BEIIECTB U B pacTBOpax moymMepoB. CpacTaHue u Tie-
perieTeHrue HOBOW (pa3bl B Mpoliecce ee 00pa30BaHus U3 JOCTaTOUYHO KOHIICHTPUPO-
BAaHHOTO PAacTBOpPa COCTABJISET OCHOBY TMPOIECCAa TBEPJCHUS B CTPOUTEITHHBIX BS-
Kymux — martepuanax  (Oerow, LEMEHT). [IpoyHoCTh  KOHJEHCALMOH-
HO-KPHUCTATU3AIIMOHHBIX CTPYKTYP BBIIIEC KOATYJISIIMOHHBIX Ha MOPSAOK U Ooiee. B
OTJIMYHE OT MOCJICTHUX OHU HE TUKCOTPOITHBI U Pa3pyIIAlOTCs HEOOPATHMO.

CTpyKTypUpOBaHHBIE CUCTEMBI PUOOPETAIOT LEIbIA KOMIUIEKC HOBBIX PEOJIO-
TMYECKUX CBOMCTB (peoJIorusi — HayKa O Te4eHuH). Tak Kak OHU HE MOJAYMHSAIOTCS
3akoHy HploTOHA /17151 TeUeHHSI HOPMAJIbHOBA3KUX JKUJIKOCTEH B IAMUHAPHOM PEXKUME
TEUYEHUS, COTJIACHO KOTOPOMY p = -€*, Tlie p — HanpsbkeHue casura [la, moanepxu-
BAIOLIEE TEYEHHE JKUIKOCTH CO V CKOPOCTHIO ( M*/¢); &¢ = dv/dx — cKOpOCTb pa3BUTHS
nedbopmaliu TeUeHus; 77 — BI3KOcTh [la - ¢. OHM Takke He TOAYMNHSAIOTCS YPABHEHHIO
[Tya3zeiins, BeIpaXkaronieMy TEYEHHE MKUIKOCTH IO KaNWUIAPYy BHUCKO3WMETpa IMpHU
JTAMUHAPHOM PEXUME:

v/t=K p/m, (6.1)

rae v/t — o0beMHAas CKOPOCTh TEUYCHHS KHUAKOCTH; K - KOHCTaHTa BHCKO3MMETpa.
CTpyKTypHUpOBaHHBIC CUCTEMBI YaCTO Pa3JEAIOT Ha CTPYKTYPHPOBAHHBIE KUIKOCTH
(HEHBIOTOHOBCKHE KMIKOCTH) U TBEPI000Opa3HBIC TeJla, TCUCHUE KOTOPHIX HACTYIAeT
TOJIBKO MPU HAJOXKEHUHU OMNPEACICHHOTO HampshKeHUs (MpelelibHOe HanpsiKEHUE
CIBUTA).

TedeHne TUKCOTPONHBIX TBEPAOOOPA3HBIX TEN MOJYHHSIETCS 3aKOHY buHrama:

p=po+n'ee, (6.2)
r7ie po — IpeAeNIbHOE HaIpsDKEHUE CABUTA; 71— MIaCTHUecKas BSI3KOCTh. [1oapoOHbIi
aHaJIM3 PEeOJOrMUYEeCKUX CBOWCTB JUCIEPCHBIX CHUCTEM U OOpalleHHe 3aKOHOMEpPHO-
CTEH TeUeHUs CTPYKTYpHUPOBAHHBIX CHUCTEM JaHbl B paborax Pebunnepa, Tpamne3nu-
KOBa U Jp.
3aBUCUMOCTh BA3KOCTH pPa30aBIEHHBIX CYCHEH3WH, 30Jied U pa30aBIIEHHBIX
PAcTBOPOB MOJIMMEPOB OT UX KOHLIEHTPALIMU BBIPAKAIOTCS YPAaBHEHHEM DUHIITEHA:

Mya= (M —=Mo)/Mo = - (6.3)
TJI€ #yo— yAEIbHas BSI3KOCTh; @ — 00beMHAsi KOHIEHTPALMs BEIIeCTBa; o — KO3 u-
ueHT ¢popmbl. g chepruueckux yactui o = 2,5.
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VYpaBHeHne DUHIITEITHA MMOKA3bIBAET, YTO MEXKJY OOBEMHOW KOHLEHTpALMEH
BELIECTBA B PAaCTBOPE M YAEJIBbHOW BSA3KOCTBIO pacTBOpa CYIIECTBYET JIMHEHAs 3a-
BUCHUMOCTb. B 00JaCTH omnpeieieHHbIX KOHLIEHTPAauii OHAa HAapYIIAeTCsl, U BSI3KOCTh
KOJUIOMJTHOU CUCTEMBI (pacTBOpa MmojiiMepa) HauMHaeT ObICTpo nagaTh. Mcmons3yroT
TaK)Ke MOHSITHE MPUBEICHHON BA3KOCTH: 7],0/C. OHA 3aBUCUT OT KOHUEHTpPAIMHU pac-
TBOpA:

My/C=[n]+K [n]zC, (6.4)
re [#] — xapakTepucTU4ecKasi Ui MOCTOSTHHAS BSI3KOCTb;
lim [Ny4/Clc—o = [n]. (6.5)

Takum 00pazoM, MOCTOSTHHAS BS3KOCTH [#7] TIpW JAHHOM TeMIiiepaType He 3a-
BHUCHUT OT KOHIIEHTPAIUU U SIBJISIETCS XapaKTEPUCTHUKON CUCTEMBI.

VYpaBuenue Mapka — ['yBuHka [7] = KM* cBs3bIBaeT XapaKTEPUCTHUECKYIO
BSI3KOCTh CHUCTEMBI [#] M MOJEKYJSPHYIO MacCy pPacTBOPEHHOTO MOJUMeEpa. ITO
ypaBHEHHE CIPABEIUBO sl pa30aBICHHBIX PACTBOPOB MOJMMEPOB; ¢ — KOHCTAHTA
ypaBHEHHUSI, XapaKTepHU3ylolas TMOKOCTh Ieneid MakpoMoJieKysl B pactBope; K —
KOHCTaHTa ypaBHEHUs. 3HaueHusi o U K 0OBIYHO HAXOHST HAa OCHOBAaHUU TOYHOTO
omnpenesieHus (1] u M no Ipyrum MeTOAM.

Jlnst onipeAeneHust fomu U Hyo MOXKHO HCIIOIB30BATh METOJ KAMWUISIPHOTO BHC-
ko3uMmeTpa OcTBaiba WK METOJ NMaJarolIuX MAPUKOB (sl cpell ¢ OONbIION BsI3-
KOCTh10). V3MepeHue BS3KOCTH fABIISIETCS Hauboliee pacIpOCTPAHEHHBIM METOJIOM
KOJUIOMIHOM XMMUU. B BUCKO3UMeETpax UCTEUEHHUs BA3KOCTh OLICHUBAETCS 110 00BEMY
KUJKOCTH, TPOTEKAIOIEH 3a ONPEIEIEHHOE BpeMsl uepe3 Kanuiuisip. B Buckosumerpe
OcTBasib/1a BSI3KOCTh OLICHUBAETCS 110 BPEMEHU UCTEUYEHHUS KUJKOCTH W3 BEPXHETO
pe3epByapa 1o AeicTBUeM COOCTBEHHOTO Beca. B Bucko3umeTpe Y00emoae ucre-
YEHHE KUJKOCTH BBI3BIBACTCS IIPUIIAra€MON Pa3HOCTBHIO JABJICHUM M3BHE. BHUCKO3U-
meTp ['emmiepa ucnonb3yeTcs st 60Jee TOYHBIX U3MEPEHUN BSI3KOCTH, B HEM W3-
MepsIeTCSl CKOPOCTh CKaThIBAHUSI IIAPUKA B HAKJIOHHOW TPyOKe OMpe/IesIEeHHOrO Jria-
MeTpa.

PeOunmepoM U yYEeHBIMU €ro IIKOJIbI CO3/]JaHa HOBasl OTPacib KOJJIOUAHON XH-
MUU — (PU3UKO-XUMHUUECKass MEXaHWKa JUCIEPCHBIX CTPYKTYp, 3aJaud KOTOPOH B
00J1acTH TEOPUH — BBIICHEHUE MEXaHU3Ma 00pa30BaHUsl KOATYISIIUOHHBIX CTPYKTYp U
TBEPABIX TEJ C PA3IMYHBIMU CBOMCTBAMU M M3YUYEHUE MEXaHU3Ma uX AedopMalvu u
pa3pyLIEHUs.

[IpakTruueckas 11e51b GU3NKO-XUMUYECKON MEXaHUKH — MOJIyYeHUE TBEPABIX Tell
Pa3HOOOpA3HOTO HAa3HAYEHMS, CTPOUTEIBHBIX MaTepuaioB (OETOHOB, KEPAMUKH, Me-
TaJUIOKEpaMUKHU, MaTEpUalIOB Ha OCHOBE IMOJUMEPOB) C 3aJaHHBIMH CBOMCTBAMHU U
CTPYKTYpOMH, YIpPaBICHHUE MEXaHMUYECKMMH CBOMCTBAMHU JIUCHEPCHBIX CTPYKTYp U
TBEPIBIX TEJI B MpoIleccax ux o0pabOTKH U TUCTIEPTUPOBAHUS.

6.1.IlpuMepsI pemieHus 3a1a4
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3agaua 6.1. OnpenenuTs BA3KOCTh INIMIEPHUHA, €CIIM OH U3 BUCKO3UMETpPA BbI-
TeKaeT uepes Kanwuisp. Paauyc kanwuispa r = 1107 m, aiuuna kamuuispa /= 6:107 m.
Cxopocts Teyenus 14-1071° m3 /¢ mox maBnenunem P = 200 ITa.

Pemenue: CornacHo ypaBHenuro [lyaszeiis:
n = (m1* -P)/( 81);rae v - CKOPOCTH TEUECHNS;
n=(3,14-1-10"12200) / (8-6-102-14-10"'%) = 0,935 ITa-c.

3agaua 6.2. PaccuuTaiiTe MOJEKYJISPHYIO Maccy MOJIMBHHUIOBOTO CIIHPTA MO
JAHHBIM BUCKO3UMETPHUM: XapakTepucTtuueckas Ba3kocTh [#] = 0,15. Koncrtanrta
ypaBHeHus: Mapka-I'yBunka cocrasiser: K = 4,53-107; o = 0,74.

Pemenue: Ypasuenue Mapka-I'yBunka [7] = KM® norapudmupyem, oTkyaa:
lgMm]-1gK 1g0,15 -1g4,53-107
lg M = = =475
o 0,74

M=56200

7.0ITHMECKUE CBOUCTBA U METO/Ibl UCCJIEJJOBAHUA
JAUCIHEPCHBIX CUCTEM

OnTuyeckre MeETOABl MCHOJB3YIOTCS JUI M3YyYEHMs] CHCTEM, COJAEpXkKaIIUX
MHO’KECTBO YACTHUL, U JUIsl HAOJIIOJIEHUS 3a OTJENbHBIMU YacTHLIaMU. B kommonHoi
XUMHH [IPUMEHSIOTCS T€ METOJIBI, C IIOMOIIBK KOTOPBIX MOYXHO IIPOBOJUTE JHCIIEP-
CHUOHHBIN aHaNIN3, T. €. ONIPEACIATH pa3Mep U PopMy YacTHUll, yAETbHYIO OBEPXHOCTH,
KOHIICHTPAIUIO AUCTIEPCHON (ha3bl

JUIs TMCHEPCHBIX CUCTEM XapaKTEPHBI €TEPOr€HHOCTh M JUCIEPCHOCTh. JTH
OCHOBHBIE NPU3HAKU JHUCIIEPCHBIX CUCTEM ONPENEISAIOT UX ONTHYECKUE CBOWCTBA.
[IpoxoxneHue cBeTa yepe3 JUCIEPCHYIO CUCTEMY, MPEJIOMIIEHHE U OTpakKeHHUE, pac-
CesHUE U MOIJIOLIEHUE cBeTa OyyT 3aBUCETh OT JJIMHBI BOJIHBI MMA/IAIOIIET0 CBETA U
pa3Mepa 4acTull JUCHEPCHOM (ha3bl, MPUPOABI BEUIECTB, OOPA3yIOMIUX AUCIEPCHYIO
cuctemy. Haubonpuryro mHpopmanuio o pasmepax U GopMe TUCHEPCHBIX YaCTHII,
KOHLEHTpAIMU U yIEIbHON MOBEPXHOCTH AUCIEPCHON (ha3bl NaIOT CBETOBAS U JJIEK-
TpOHHasi MUKpockonus. HxHul npenen ceeroBor Mukpockonuu 10 100 HM, anek-
TPOHHOU — OT 2-5 HM.

JUIs. KOJUIOUIHBIX CHCTEM XAPAKTEPHO CBETOPACCesiHHE WIM OMAJIeCLieHIHs.
CBet paccenBaercss MUKPOI€TEPOr€HHBIMA CUCTEMAaMH TOJIBKO B TOM Cilydae, €CIIH
pa3Mep 4acTHIL I MEHBIIE JITTMHBI CBETOBOM BOJIHBI A, @ paCCTOSIHUE MEXy YaCTHIIAMU
OompItie cBeTOBOM BOJIHEL. [Ipu pasmepe dactuiibl 7 < A CBETOBas BOJIHA OrMOaeT 4a-
CTHILY, IPOUCXOAUT AU(PpaKIMOHHOE paccesHue. Eciu pa3mep dacTul 3HaUUTEIHHO
0oJIbllIe JIMHBI CBETOBOM BOJIHBI, IPOUCXOIUT OTpa)keHHe cBeTa. PaccesHue cBera
CBA3aHO C TEM, YTO NEPEMEHHOE IEKTPUUECKOE MOJIE CBETOBOW BOJHBI BO30YXKAAET
4acTULy, MHAYLUUPYs B HEW NEPEMEHHBIM IHUIOJIBHBIA MOMEHT. B pesynbrare 3TOr0
YacTHIla CTAHOBUTCS UCTOYHUKOM COOCTBEHHOTO M3JIy4eHHMsI, COXpaHss cTporue ¢a-
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30BBIE€ COOTHOIICHUS C O0TyHaIONUM ICKTPUUECKUM 1ojieM. Takoe paccessHre cBeTa
HAa3bIBACTCS KOTEPEHTHBIM. ECiM Mamaromuil 1yd cB€Ta MOHOXPOMATHYEH, TO CBET,
pacCesiHHBIN YaCTUIIAMH, TAKKE MOHOXPOMATUYEH U UMEET TaKYIO )K€ JIJIMHY BOJIHBI,
Kak ¥ cBeT magaromui. CBET, pacCesIHHbIM YacCTHUIICH, MOMAJAacT Ha HAXOIAIINECH
BOJIM3M YaCTHUIIbI, POUCXOJAUT MHOTOKpPATHOE paccesitHue cBera. B pesynbrare BO3-
HUKAEeT CaMOOCBEIICHHE CpElbl PACCEIHHBIMU BHYTPU HEE DJIEKTPOMAarHUTHBIMU
BOJIHAMHU. BcnencTBue KOrepeHTHOCTH CBETA, PACCESIHHOTO YacTHUIIAMU, BOJIHBI pac-
CESIHHOTO MMHU CBETa UHTEPPEPUPYIOT MEKTY COOO0M U C BOJTHAMU MAJalOUIEro CBeTa.
Ha rpanuiie nucnepcuonHas cpena — qucnepcHas ¢pasza npoucXoauT MOJTHOE ralieHue
oOnyyaroiield BOJIHBI, © BMECTO HEE€ BO3HHUKAIOT MPEJIOMJICHHBIE W OTpPaKCHHBIC
BOJIHBI.

DopMaIbHO MPEIIOMIIEHUE CBETA — 3TO IOHATUE T€OMETPUUECKOU ONTHKH, OT-
HOCAIIEECS K MU3MEHCHUIO HAIPAaBIICHUS CBETOBOrO JIyda B HEOJHOPOJIHOW cpene,
KOrjJa pa3Mepbl HEOJHOPOJHOCTEHM CYIIECTBEHHO OOJbIIE JJIMHBI BOJHBIL. TeM He
MEHEE, MMPEJTOMIICHUE CBETA YACTULAMH, Pa3MEPBI KOTOPBIX MEHBIIE JIIUHBI CBETOBOU
BOJIHBI, OKa3bIBAIOT PEIIAIONIEE BIMSHUE HA pAaCCEIHUE CBeTa. MHOTrOKpaTHOE pac-
CEsIHUE CBETA SABJSAETCS PE3yJbTATOM MHOTOKPATHOTO MPEIOMJIECHHS CBETOBBIX ITy4-
KOB, IMPOUCXOAIIETO HA TPAHUIIAX YACTHUIL] C JUCTIEPCUOHHOU CPEIOU.

B. Pasneil pa3Bun TeopHrO paccesiHUs CBETa AUCIEPCHBIMU CHUCTEMaMU, B KO-
TOPBIX YAaCTUIIBl HE TMOIJIONIAIOT CBET U UMEIT cdepuueckyto Gopmy. OH cBs3al
CBETOBYIO DHEPTHUI0, PACCESIHHYIO €IMHULIeH 00beMa AUCIEPCHOM CUCTEMBI, C KOH-
IIEHTpallUe YacTUIl M UX O0O0BEMOM, JJIMHON CBETOBON BOJIHBI A M ITOKa3aTEISIMH
IIPEIOMJICHUS TUCTIEPCHOM (pa3bl U AUCTIEPCUOHHON Cpebl M YCTAHOBWII, YTO CBETO-
paccesiHie BBI3BIBAIOT BCE JUIMHBI BOJH npu yciosuu » < 0,1 A. CBeropaccesiHue B
JIUCIIEPCHBIX CUCTEMAX, OAUUHSAIOLIEECS 3aKOHY Panes, Ha3pIBatOT pPAJICEBCKUM.

Paccesinue cBeta Hanbosee 3aMETHO B AUCIEPCHBIX CUCTEMaX, OJIHAKO, U TOMO-
TE€HHbIE CUCTEMBI PACCEHUBAIOT CBET. PaccesHue cBera B raszax, >KMAKOCTSIX U KpH-
cTajuiax, THIATEIbHO OYHUIIEHHBIX OT PAa3JUYHBIX BKIIOYEHUM, OOBSICHSAETCS TEIJIO-
BbIM JBM)KEHHWEM aTOMOB U MOJIEKYJI, HAPYIIAIOMINX UX ONTUYECKYIO IIOTHOCTh. B
pe3yJbTaTe TAKOTO JBUKEHUS KOHIIEHTPALIUS ATOMOB U MOJIEKYJI B OTAEIBHBIX YaCTAX
CHCTEMBI MPEBBICUT CPEIHEE 3HAUCHHE, B IPYTUX OKAKETCA HUXKE cpeaHero. Teoputo
baykTyanuii (OTKJIOHEHHE OT CPEAHEro B pe3ysibTaTe TEIUIOBOTO JABMKEHUS) pa3pa-
6otan M.CmonyxoBckuil. OCHOBBIBasiCh Ha TpejicTaBieHusax CMOIyXOBCKOro, DiH-
ITeHH pa3paboTajg TEOpHUIO paccesHus CBeTa roMoreHHbiMu cuctemamu (1910r.).
Hebait (1944r.) mokasai, 4TO paccessHUE CBETa PAaCTBOPAMU BBICOKOMOJEKYIISIPHBIX
coenunennit (BMC) MoXeT ObITh UCTIOJIB30BAHO JJISI OTIPEICTICHUS NX MOJIEKYIISIPHBIX
Mmacc.

SIBiIeHMs, CBSI3aHHBIE C PACCESIHUEM CBETA, IIMPOKO MCIIOIB3YETCS ISl yCTa-
HOBJICHHSI ()OPMBI M Pa3MEPOB YACTHUIl. AHAIMUTHYECKHI METOJ| ONPEICICHHS KOH-
LHECHTPALMN YACTHUL, OCHOBAHHBIN HA N3MEPEHUH MHTECHCUBHOCTU PACCESIHHOTO CBETA,
Ha3biBaeTca Hedenomerpueii. Hedgenomerpus — meTon nccineaoBaHusi, Ipu KOTOPOM
U3MEPAIOT UHTEHCUBHOCTh PACCEIHHOTO CBETA, MAJIAI0IIETO HA KIOBETY C IUCIIEPCHOM
CUCTEMOM. B HEKOTOPBIX cllydyasx MPEANOYMTAOT CPABHUBATh MHTCHCHUBHOCTH HE
PacCEesIHHOTO CBETA, & UHTEHCUBHOCTU CBETOBBIX MOTOKOB, MPOXOSIINX YEPE3 pac-
CEUBAIOLIYIO Cpey. ITOT METOJ AaHAJIN3a HAa3bIBACTCS TYpOUAMMeETPHEI.
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Konnonansie yacTuipl He HAOIIOAAIOTCS C MOMOIIBIO OOBIYHOTO ONMTHYECKOTO
mukpockomna. B 1903 r P. 3urmonnu u I'. 3uaeHtond mpennoXuiu ONTUYECKUN Me-
TOJ W3YUYEHHS CHUCTEM, COJEpKAIIUX YacCTHUIbl KOJJIOMAHBIX pa3MepoB — YJbTpa-
MHUKPOCKONUA. YIbTPAMUKPOCKOIHUS OTINYAETCS OT OOBIYHOW MUKPOCKOIUU TEM,
4YTO 00BEKT (AUCIEpCHas cUCTeMa) OCBellaeTcs: cOOKy, a HabMIOAAl0T pPacCesHHBIN
cBeT. BeneacTeue 3Toro 4acTuiibl KaxKyTcsl CBATAIIMMUCS TOYKaMU Ha TEMHOM (hOHE,
paspeniaroniasi CiocoOOHOCTb MUKPOCKOIA PE3KO BO3PACTAET, YTO MO3BOJISET HAOIIO-
JIaTh YaCTHULBI C TUAMETPOM 2-3 HM.

Meton ynbTpaMUKPOCKOINHU Ja€T BO3MOKHOCTb OIPENIETUTh CPEIHUE Pa3MEPBI
4acTHI] B ToJie. [IJist 7TOT0 COCUUTHIBAIOT YHCIIO YACTHI] 72 B pACCMaTPUBAEMOM 00beEME
V. YapTpaMuKpOCKONHS TIO3BOJISIET CYAUTh U O ()OpME YaCTHII, T.K. HHTCHCUBHOCTb
CBETa, paccenBaeMoro c(hepuyecKUMH YacTHIIAMU, HE U3MEHSIETCSI CO BPEMEHEM, a
aHNU30MaAMETPUUECKUE YaCTHUIIBI BCJICICTBUE BPAMIATEILHOTO OPOYHOBCKOTO JIBH-
YKEHHUSI MEPIAIOT.

HawnGonee coBpeMeHHBIM MPUOOPOM, MO3BOJSIOMIUM OMPEICIATh JICUCTBU-
TeJbHBIE Pa3MEPhl KOJUTOUIHBIX YACTHUII, SIBISETCS DJICKTPOHHBIM MUKPOCKOM, KOTO-
pBIil TIO3BOJISIET MOJIYyYaTh CHUMKH YaCTHI[ 30J1€H, BHICOKOIUCIIEPCHBIX CYCIEH3UM,
AMYJIbCU, OaKTEpUl, BUPYCOB, U3YUUTh TOBEPXHOCTh KaTAJIM3aTOPOB, aJICOPOCHTOB,
CTPYKTYpPY JAKOKPACOYHBIX U METAJUIMYECKUX MOKPBITUH. YBEINYEHUE B DJIEKTPOH-
HOM MuUKpockorne coctanisieT 20-30 Toicay pa3 u GOTOrpapuUyecKuM IyTeM MOKET
obITh moBesieHo A0 100-500 Teicsu pa3, a npenen Buaumoctu 0,4 HMm. M3ydeHue Be-
HIECTB MPUXOJUTCS BECTH B OUYEHb TOHKOM CJIO€ B YCIOBUSAX BaKyyma: JUIsl OpTraHU-
yeckux Bemects oT 10 go 107 m. [lpumenenue 6osee TONCTBIX CIOEB BEET K II0-
TJIONICHUIO YHEPTUU U HATPEBAHUIO 00BEKTA.

SIBneHUE CBETOIOIVIOLIEHUSI CpeJaMHU ONUCHIBAeTCsl ypaBHEHHEM byrepa —
JlamGeprta — bepa, koTopoe MOXET OBITh MPUMEHEHO B ONPECICHHBIX YCIOBUAX U
TS 30JIEH:

1=1-e?“, (7.1)

rae [ — KOJWYECTBO CBETOBOW HSHEPIHM, BBILIECAINIECE ITOCIE IMOIVIOLIEHUS CIOEM
OKpAILIEHHOM Cpexpbl; /o — KOIMYECTBO CBETOBOW DHEPIUM, MMAJAKOIIEH HA CIOU OKpa-
LIEHHOM Cpenbl; € — KOHCTAHTAa CBETONOIJIOIICHUS; ¢ — KOHLUEHTPAlLMs BEIIECTBA B
ciioe; / — TOJIIMHA NOTJIOUIAIOIIETO CIOS.

VYpaBHeHue 7.1 cripaBeyIMBO A1 MOHOXPOMAaTHYECKOTO CBETOBOIO IOTOKA, T.K.
HOTJIONIAIOIAs CIIOCOOHOCTh CPEJlbl 3aBUCUT OT JJIMHBI BOJIHBI MAJAIOLIETO CBETA.
Beipaxenue /n 1o/l = D; — onTudeckas INIOTHOCTh CUCTEMBI, TO ypaBHeHHe byrepa —
JlamGepta — bepa MOKHO 3amucaTh Tak:

D; = ¢Cl. (7.2)

OHO IIOKA3bIBAET, YTO ONTHYECKAs IJIOTHOCTb CHCTEMBI JMHEHHO BO3PACTAaET C yBe-
JUYEHHEM €€ KOHUEHTPALMK M 3aBHCHT OT JUIMHBI BOJHBI. OnTHYecKas MIOTHOCTh
XapakTepu3yeT OclalleHue CBETAa JTAaHHOW CHUCTEMBI B II€JIOM, OOYCIIOBJICHHOW Kak
CBETONOIJIOIIEHNEM, TaK M CBeTopaccesHueM. B ciyuae "Oenbix" 3051€i, yacTULIbI
KOTOPBIX HE OKpAallIeHbl, CBETOIOIJIONIEHHE OTCYTCTBYET, BOZMOXHO OINpEICICHHUE
pa3MepoB YacTUI] TYPOUIUMETPUUECKUM METOAOM U
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Di=1=K\", (7.3)

I/ T — MyTHOCTbh, BEJTMYMHA, XapaKTEPU3YIOas CIOCOOHOCTh CHCTEMBI PacCEHBATh
CBET; n — MoKa3zaTelb AUCIEPCHOCTH, U3MEHSETC B mpenaenax ot 2 10 4 (npu n = 4
BBICOKOJHMCIIEpCHAsT cucTeMa 00JaJaeT PAJIeeBCKUM CBETOpAacCEestHHEeM; Tpu n = 2
CBETOpACCESIHUE HE TOTIMHACTCS 3aKOoHY Panes). Pe3ynbpTaTsl U3MEpeHHs T paccyu-
TBIBAIOT TaK: 1O TpaduKy /g 7 - [g A HAXOAT TOKA3aTENb 71 KaK TAHTEHC yTriia HaKJIOHA
TIOJTyYEHHOM MPSMOI K OCH aOCIUCC; CPEIHUN TUaAMETP YacCTHI] d ONPEAEISIOT 110 7,
UCIIOIB3YS DKCIIEpUMEHTAIbHYI0 KpUuBYIo [ emnepa (n=f (d) unu pacueTHbie TaOJIUIIBI).

8. OTAEJIBHBIE ITPEACTABUTEJIN KOJIJIOUJIHbBIX CUCTEM

Cucrembl ¢ Ta3000pa3HON AWCTIEPCHON Cpemod Ha3bIBAIOTCS a’po3oismu. K
HUM OTHOCSTCS JBIMBI, TYMAaHBI, BUTH. A3PO30J1 TOJUIUCTIEPCHBI, B CPETHEM JHIC-
IIEPCHOCTL a’po3oiiel cocrapiasger or 10° 1o 107 M. MosekyaspHO-KHHETHYECKUE
CBOMCTBa a3po30Jiei crenupUyYHbl U ONPENEIAIOTCS OCOOEHHOCTSIMU Tra3000pa3HoM
CpeIbl.

YacTtuliel a3po307eiil HaXOoAATCS B HHTEHCHBHOM OpOYHOBCKOM JBM)KCHUU, AJIS
HUX XapakTepHa Ooybliasi CKOpOCTh AU(Py3un, 9TO CBA3aHO C MO BSI3KOCTHIO
ra3000pa3HOi Cpe/bl U OJAaronpHUITCTBYET UX CEIUMEHTAIMOHHON YCTOWYHUBOCTH.

Abdpo3onH, Tak ke Kak U JIPYrue JUCTICPCHBIE CHUCTEMBI , PACCEHBAIOT M TI0-
TJIONIAIOT CBET. PaccemBaHue cBeTa B HUX MOAYMHSIETCS 3aKOHY Panes u 3aBHCHT OT
pa3MepoB YacTull. A3po30Ju 00J1aJat0T TOJIBKO CEAMMEHTAMOHHON YCTOWYUBOCTHIO,
arperaTMBHOMN yCTOMYMBOCTHIO OHU HE 001a/1al0T, U KaXK/10€ CTOJIKHOBEHHUE UX YACTHII
NPUBOJUT K CIMMAaHKUIO. YacTHUIIBI a’p030JIeii UM COBCEM HE UMEIOT 3apsjia, WM OH
OoueHb Majl. B onpeneneHHbIX yCIOBUSX YaCTUIBI a3P030Jis CIIOCOOHBI a1cOPOUPOBATH
CBOEH MOBEPXHOCTHIO 3aPsAbl U3 OKPYKAKOIIEH CPEAbI; HA 3TOM OCHOBAaHO JCHCTBHUE
ANEKTPOPUIBTPOB [T 3aIBIJICHHOTO BO3TyXa.

K a’po30msaM MOXKHO OTHECTH M MOpOWIKH. [[OpoIIKyu — 3TO U MUHEpaIbHBIE
MUTMEHTHI, UCIIOJIb3yeMbIe JJIsi TPOM3BOJICTBA KPACOK, HATIOJIHUTENH JJIsl PE3UHBI U
njactMacc, abpas3uBbl, MUIIEBBIE MOPOIIKH (MyKa, Kakao, IMIOKOJaI U Jp.), napdro-
MepHBbIe (3yOHOUM MOPOIIOK, MyApa), CTPOUTENbHBIC (TJIMHA, TIECOK, IIEMEHT), MeTaJ-
JMYECKHUEe BEIIECTBA, COCTABIISIIONIME TPYHT M MOYBY, U np. [lopomku MoxHO pac-
CMaTpUBaTh KaK CKOAryJUpPOBaBIIUE U 00pa30BaBIIUE 0CAIO0K (a9pOTeih) a3pO30JIH.

[lenbr — rpy0oaucepCcHbIE CUCTEMBI TUIIA Ta3 — KUIAKOCTh. Js momydeHus
YCTOWYHUBBIX TTEH HEOOXOIMMBI (D PEeKTUBHBIC CTAOUIN3ATOPBI — IEHOOOPa30BaTENH,
HAIpUMeEp, CIIUPTHI, )KUPHBIE KUCIOTHI, MbLJIa K MBUIOTIOI00HBIE BEIIECTBA; BHICOKO-
MOJIEKYJISIPHBIE COEAMHEHHUS, CIIOCOOHBIE 00pa30BbIBAaTh HA I'pAaHUILE pa3jeiia Mpod-
HBIC TJICHKH.

VY CTOWYMBOCTD MEHBI OMPEENIAECTCS BPEMEHEM €€ CYIIeCTBOBAaHUS, 3aBUCHUT OT
CTPYKTYpHO-MEXaHMUECKUX CBOMCTB IUICHOK, pa3JessIONINX My3bIpbkH raza. Ecnu
STH TUIEHKH CTIOCOOHBI OTBEPAEBAaTh, TO MOKHO TOJYYUTh TBEpIbIe TEeHbI (TIEHOOe-
TOHBI, IEHOTIACTHI, IEHOPE3UHBI ), OE3rPAaHUYHO YCTOMUNBEIE BO BPEMEHH.
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[lenpt MOryT OBITH CTAOMIM3MPOBAHBI MOPOIIKAMHU. B 3TOM 3akmrouaercs
IPUYMHA BCTIEHUBAHUS BOJIbI B KOTJIAaX M almnaparax, HOKPBITIX HAKUIIBIO (OCaIKaMH
kapoonatoB Ca m Mg). YacTuilbl HaKUIHK, OTPBIBAACh, 00Pa3yl0T BBOJHOU cpeje
CYCIEH3UI0, CTaOWIM3UPYIOUIYIO MY3bIpbKU TEHBL. [IeHbl MIMPOKO HCHONB3YIOT B
TEeXHUKe oOoramieHus pya (Mpouecc MeHHOU (ioTaium).

[IeHbl MOXKHO pa3pyLINTh MEXAHUYECKUM ITyTEM, HATPEBAHUEM, a TAKKE IPU-
MEHEHHEM CITEIMAIBHBIX BEIIECTB — IEHOTACUTEIIEH.

[IpupoaHbie dMYyJIbCUH — MOJIOKO, ChIpasi He(PTh, MJIEUHBIH COK Kay4yKOBOTO
nepeBa. CHHTETUYECKUE SMYJILCUM — MaprapuHbl, MEAUIIMHCKUE Tpenaparsl (CUH-
TOMHULMHOBAsI AMYJIbCHSI, SMYJIbCUSl TETPALMKINHA), HEKOTOPbIE CMa3Ku (3MYJIbCO-
ab1). Pa3baBnennsie sMmysbcuu (coaepxkanue aucnepcHoit ¢assl 10 0,1 %) oTtHOCH-
TEJIbHO YCTOWYUBBI 0€3 BBEACHUS dMYJIbraTropa. OMYJIbraTop J0JKEH ObITh MOBEPX-
HOCTHO-aKTHBHBIM BELIECTBOM U 00ECIEUYUTHh CTPYKTYPHO-MEXaHUYECKYIO CTaOWIIH-
3alMI0, T.€. HAa IOBEPXHOCTH KaleleK IOJDKEH OOpa3OBBIBATHCS MEXAHHUYECKHU
POYHBIH, Tele00pa3HbIil CIIOM aacoOpOMPOBAHHBIX MOJEKYI. THI KOHLIEHTPUPOBAH-
HOM SMYyJIbCUHM OIpPEAENAeTCS SMYJIbIaToOpoM: CpeAa, B KOTOPOW pPacTBOPAETCS
AMyJIbraTop, Oyaer nucrnepcuoHHou cpenoil. Hanmpumep, B pacTBOpe pacTBOPSIOTCS
OellKM, Kpaxmall, MbUIa IIEJOYHBIX METAUIOB, 00pa3zys MpsMble SMYJIbCHH M/B
(«maciio B Boje»). [ oOpaTHBIX SMyJIbCUN B/M («BOAa B Macliie») SMYJIbraTOpOM
OyIyT MbLJa TSKEJIbIX METAIIOB, HEKOTOPHIE CMOJIbI, KaydyyK. 3aMeHa dMyJjbraropa
MOXXET MpPUBECTH K oOpaiieHuto (a3 3MyJIbCUM, dMYJIbCUS M/B TpEBpaTUTCS B
AMYJIBCHIO B/M.

DOMyJIbCUU NMOTYYat0T 0OBIYHO MEXaHUUECKUM JIUCIIEPTUPOBAHUEM TUCTIEPCHOM
(a3bl B AUCIIEPCUOHHON CpeJie B MPUCYTCTBUU dMyJibraropa. [ist 3Toro ucnosas3yror
CHelMalbHbIE aIllapaTbl — 3MYJIBraTOPbl, MUKCEPHI, KOJJIOMIHBIE MEIbHULIBL, YIIb-
Tpa3ByK. MOHO NOJy4YHTh 3MYJbCUU B PE3YyJIbTaTE€ CAMOIPOU3BOIBHOIO AMYJIBIHU-
pPOBaHMS, KOTOPOE HAOIIOAAETCS MPH CHIKEHUH MEX()a3HOrO HATSKEHHS 10 OYCHb
MaJjioro 3Ha4€HHs IPHU BBEACHUH 3MYJIbraTopa.

OMyJIbCUHU pa3pylIAlOT UEHTPU(PYTHUPOBAHUEM, (DUIBTPOBAHUEM, IEKTPOQO-
pPEe30M, HarpeBOM WJIM BBEJIECHUEM JI€3MYJIbIAaTOPOB — MOBEPXHOCTHO-aKTUBHOTO Be-
IECTBAa, KOTOPOE BBITECHSET U3 aICOPOLIMOHHOTO CIIOSl AMYJIbraTop, HO HECIIOCOOHO
CTaOMIIM3UPOBATh AMYJbCUIO. CHHTETUYECKHE SMYJIbCHUU IIMPOKO NPUMEHSIOT B
CEJIbCKOM XO035UCTBE (AMYJIBCUU repOULIMIOB U (PYHTULIUJIOB), B CTPOUTENIBCTBE, IIPU
MOJIYYeHHUH MOJTUMEPOB (CUHTETUYECKHUE JIATEKChI) U X NepepadoTKe B U3JEIUIX, B
MUIIEBON U (papMarieBTUYECKOM MPOMBIILIIEHHOCTH.

CycneH3uu — MHKPOTreTepOreHHble CHUCTEMbI, B KOTOpBIX AucCIEpcHas (asza
TBEpJas, a AMCIIEPCUOHHAs cpee kukas. [Ipu Oonbiiom conep:kanuu TBepAon (a3bl
00pa3yroTcsl KOHLIEHTPUPOBaHHbIE cyclieH3ud. OHU MOIy4aroTcsl B pe3yjibTaTre co-
3/1aHHs pa30aBICHHBIX CYCHEH3UU WM MPU PACTHUPAHUU MOPOIIKOB C KUIAKOCTSIMHU.
KoHneHTprupoBaHHble CYCIIEH3UMH CIOCOOHBI CTPYKTYPHUPOBATHCS B BHJE TECTOOO-
pa3HOM MIAaCTUYHOW Macchl — macT. CTpyKTypa TakMX CYCHEH3H CO BpPEMEHEM
YOPOYHSIETCS, MPU BBICBIXaHUU OHU MPEBPAILAIOTCS B TBEPIAYIO MacCy. JTO SIBICHHUE
[IMPOKO UCIOJIB3YIOT B CTPOUTEIbHON TEXHHUKE (IIPOM3BOJICTBO KUPIHYEH U CTPOU-
TEIbHBIX MaTE€pPUAJIOB, BSDKYLIME BELIECTBA), P MPUTOTOBIECHUU TECTa B XJyieOome-
YEHUH, MPU MTPOU3BOACTBE TPYHTOBBIX padOT U T.1.
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OpraHocyCneH3uu COCTABIAIOT OCHOBY JIAKOKPACOYHOH, MoIUrpaduueckoi
IPOMBIIIEHHOCTH, UX UCIIOJIB3YIOT IPU MPUTOTOBIEHUN Pa3IUYHOrO POJia CMa30K.

K kmaccy TBepabIx 305l OTHOCSTCS IIBETHBIE CTEKJA, CIUIaBbl, TBEp/bIC
AMYJIbCUH, TUICHKU C HAIMOJHUTENSIMU. B MPOMBIIIEHHOCTH OOJIBIIOE pacnpocTpa-
HEHUE MOTYYUIN TBEPAbIE IEHBI OPraHUYECKOr0 U HEOPTAHUUECKOTO MTPOUCX0XKICHHUS
— MEHOIUIACTBI, IEHOCTEKIIA, TIeM3a (MpUpoaHas TBepAasi [IeHa).

KOHTPOJIBHBIE 3ATAHUSA

Bapuanr 1

1.1.301b CEpHOKHCIIOro Gapus MOJYyYEeH CMEIICHUEM PaBHBIX OOBEMOB PacTBO-
poB Ba(NOs)> u HoSO4. Hamucate dopmyny murenasl. OJUHAKOBBI JIM UCXOJTHBIC
KOHIICHTPAIIMU PACTBOPOB, €CJIM YAaCTHIIbI 30JI IEPEMEIIAIOTCS K aHOLY?

1.2.A3p030/1b PTYTH CKOHACHCHUPOBAJCS B BHAC OONBIION Karmum oObeMoM 3,5
cm®. OmpenenuTe, Ha CKOJBGKO YMEHBUIMIACH IMOBEPXHOCTHAS DHEPrHs PTYTH, €CIH
JIUCIIEPCHOCTD a’po30is cocraisia 10 MM, TToBEPXHOCTHOE HATSKEHHE PTYTH
npumuTe paBubiM 0,475 Jhr/™m 2.

1.3. Onpenenuth KpaeBoil yrojl cMayuBaHUs, 0Opa30BaHHBIN Karuieil BOJbI Ha
TBEPJIOM TeJIe, €CJIU MOBEPXHOCTHBIC HATSKEHUS HA TPaHUIIe BO3yX - TBEPAOE TEJO,
YKHUJIKOCTB - TBEPAOE TEIIO U KHUJKOCTD - BO3AYX COOTBETCTBEHHO paBHbI 0,067; 0,020 u
0,074 Jix/m>.

1.4. Onpenenuts BenmumHy azxcop6umu (kmons/m?) mpu 15°C mmg BomHOrO
pacTBOpa aleToHa, cojaepxkaiiero 29 r/i aleroHa, €clii MOBEPXHOCTHOE HATSKEHUE
pactBopa 59,4107 H/m.

1.5. Beruncnure cpeHU KBaJApaTUIHBINA CABUT YaCTHUI] TUIPO30JId THIPOKCUIA
xenesa (IIT) 3a 10 ¢, ecu paguyc yactuil paBeH 50 MKM, BA3KOCTL Boasl 77 = 107 Tla-c,
temnepatypa 20° C.

1.6. Beruuciuth 351eKTpOPOPETHUECKYI0 CKOPOCTh YaCTHIl 30 CyJb(uaa Mbl-
mbsika (111), ecnmu —morennuan yactui pased 89,5 MB, pa3HOCTh MOTEHIIUATIOB MEXKTY
anektponamu 240B, paccrosaue mexay Humu 20 cm, Bsaskocts 0,001 Ila-c, nuanek-
Tpudeckas nmponuriaeMocts 81. dopma yacTuil HUIUHAPUYECKASL.

Bapuanr 2

2.1. Jlna monyuenns 3omsa AgCl ecmemramu 10-10% m® 0,02 1 pactBopa KCI u
100-10% m* 0,05 u pactBopa AgNOs. Hanmcars GpopMyily MHIELIB 3TOTO 3018 H
yKa3aTh HalpaBJICHUE BUKEHUS YACTHUI] TIPH dIEKTpodopese.

2.2. PaccumuTaiiTe MOBEPXHOCTHOE HATSKEHUE PTYTHU, €CIIM B CTEKJISIHHOM Ka-
muspe paguycom 0,16 - 107 M cTonOuk ee omyctmics Ha 0,012 M HIKe ypoBHS
pryTtH B cocyze. [TnorHocts prytr pasHa 13,6 - 10° xr/m>. KpaeBoii yron cmaurBanms
pasen 130°.

2.3. Paccuwmraiite paboTy aare3wu s BOJBI, TVIMIIEpUHA M OEH30Ja, CMadu-
Baromux ¢roporiact. [loBepxHOCTHOE HATsSKEHUE (Ha TPAHUIIE C BO3AYXOM) BOIBI,
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IIMIeprHa ¥ GEH301a COOTBETCTBEHHO paBHBI 71,96; 63,20 u 28,90 M /M, a Kkpa-
eBble yruibl cocTapisior 108, 100 u 46°,

2.4. OnpenenuTh MOBEPXHOCTHBIN N30BLITOK (KMOJIL/M?) I BOJHBIX PACTBOPOB
M30BaJIEPHAaHOBOM KMCIOTHI IipH 15° C, OIB3ysch JaHHBIMH:
C KUCIOTHI, KMOJIB/ M 0,0312 0,25
o, H/'m 57,5107 35,0 -103
[ToBepxHOCTHOE HATSHKEHHUE BOJIBI ONPEICIUTD 10 TabJIuULIE.

2.5. Tlokaszathb, UTO CpEIHEKBAIPATUYHBIA CABUT YacTUIl paguycoM r; = 100 Mxkm
U 72 = 1 MKM COOTBETCTBYET YPABHEHHUIO DWHINTEHHA, €CIM CMEIIEHHE A COOTBET-
CTBEHHO paBHO 4,1 MKkM 1 41 MKM 3a OJTHO U TO K€ BpPEMSI.

2.6. Beraucnuth 351eKTpOHOPETHUECKYI0 CKOPOCTh YaCTHII TJIHHBI, €CJIH ¢ - TO0-
TeHuuan yactul 48,8 MB. PazHocTe moTeHnnanoB Mexay snekrponamu 220B, pac-
CTOSTHUE MeXIy HUMHU 44 cM, BaskocTh cpeasl 107 Ila-c, auonekTpuyeckas IpOHH-
naeMocTh 81. @opMa yacThl HUIMHAPUYECKAS.

Bapuanr 3

3.1. 3o Al(OH); nonyueH cmenieHrueM paBHbIX 00beMOB pacTBOpoB A1C13 u
NaOH. Hanucats hopmyiry Mutiesibt 301s1. OJMHAKOBBI JIM UCXOHBIE KOHLIEHTPAIIUU
AIEKTPOIUTOB, €CIIU MPH IEKTPOGOPE3e YACTULIBI ABUKYTCS K KaTOMy?

3.2. Boprunciure MOBEpXHOCTHOE HATSKEHHME TIUIEPUHA, €CIM B CTEKISHHOM
kanuuispe ¢ paguycom 0,4 - 107 M on noguuMaercs Ha Bbicoty 27-107 M. ITnoTHOCTS
raunepuna pasHa 1,26 -10° kr/m®. KpaeBoii yron cMaurBaHus paBeH HyIIIO.

3.3. Boruucnaute kodpPuIMeHT pacTtekaHus W OmpenenauTe, OyAeT JH pacTe-
KaThCsl HOPMaJIBHBIM I'€KCaH MO BOJE, ecim pabora kore3uu i rekcana 0,0368
JIx/M?, a paboTa anresun rekcana k soge 0,0401 JTx/m2.

3.4. Ilpu agcopbumu monuOyTagreHa U3 pacTBOpa B IeKCaHe MPHU TeMIEpaType
293 K na cynbdare Kanplus TOTyUYEHBI CIeIYIONINE SKCIIEPUMEHTAIbHBIC JaHHbBIE:

C, xr/m? 2,0 4,2 6.4 8,0
[ -10 3 xr/kr 2,03 4,22 6,97 7,60
OrnpeaenuTe KOHCTaHTHI ypaBHEeHUS JIeHTMIopa.

3.5. OnpenenuTh cpeHEKBAAPATUYHBINA CABUT YACTHUIL IbIMA XJIOPUAA aMMOHUS
¢ paguycom 107 m mpu 273 K 3a 5 ¢. Baskocts Bo3ayxan = 1,7-107 ITa-c.

3.6. Beruucnuth {—moteHnuan yactuil 3078 AlbS3, ecnu npu M3MepeHuH dJeK-
TpodopeTrdecKkoi ckopocTH, npriioxenHas BaentHss IJ1C paBHa 240 B, paccrosiHue
Mexay anekrpogamu 30 cM, nepemenieHue yactul 3a 10 MmunyT cocrapisieT 14,36 mm.
JludsekTprudeckas IpoHuiaeMocts 81, Baskocts 1-107 Ia-c, opMa 4acTull LUIUH-
IpUYECKas.

Bapuanr 4
4.1. 3omb Fe(OH)3; nonyuen merogom runposnza FeCls. Hanummure Gpopmyny

MUIIEIUTBI, €CITA CUMTATh, YTO CTAOMIIM3ATOPOM 30JIs SBIISICTCS PACTBOP XJIOPHIA XKe-
ne3a (III).
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4.2. Haiinzute MOBEPXHOCTHOE HATSXKEHUE JKUAKOCTH, €CIM B KalWUISAPE C
JUaMETPOM 2 MM OHa MOJHMMAETCS Ha BbICOTY 15 mM. IlnmoTHOCTH kuaxoctu 0,998
r/cM®, kpaeBoii yron menncka pasen 0°. Chenaiite mpeanonoKeHue o IPUPOIE KUl
KOCTH.

4.3. DKCHepUMEHTAJIbHO TIOJy4YE€HO 3HaueHue Kod(p( UIMEHTa pacTeKaHUs
renTa”oja mo Boje, pasHoe 37 MH/M. Paccunraiite mexdasHoe HaTsKEHUE Ha Tpa-
HULIE BOJA — TENTaHOJ], NPUHUMAs 3HAYEHUs] NOBEPXHOCTHBIX HATSHKEHUM BOJIBI U
renTaHosiaa cooTBeTcTBeHHO 71,96 n 26,10 mH/Mm.

4.4. ITpu anpcopOLMK YIIIEKUCIIOTO ra3a Ha Ca)Xe C YISIbHON MOBEPXHOCTHIO
73,7-10° M?/ KT GBUIM MOJIYYEHBI CIEAYIONINE TaHHbIE:

P -1072, u/m? 9,9 49,7 99,8 200,0
[ -102 mons/kr 7,27 15,90 20,67 23,17

PaccunraiTe mnomanb, 3aHUMaeMY0 MOJIEKYJION YTJIEKUCIIOTO T'a3a B INIOTHOM
MOHOCJIOE.

4.5. BeIYUCIUTh CpEeTHEKBAAPATUYHBIA CABUT YaCTULl IPU OPOYHOBCKOM JIBH-
JKEHUM DMYJIBCHH ¢ paguycoM 6,5-10° M 3a 1 ¢, Baskocts cpennt 77 = 107 Ila-c, Tem-
nepatypa 288 K.

4.6. Onpenenure MOTEHUHUA TEUYECHMS, €CIM 4Yepe3 IUICHKY IPOJIAaBIMBACTCS
42,4% BOIHBINA PACTBOP STUIOBOIO CIMPTA IpH AasjieHuu p =20-107 Ila. YV genbnas
5JIEKTPOIIPOBOIHOCTE pacTBopa y = 0,13 CM-M™!, oTHOCUTENbHAS AUDIEKTPHUECKAs

nponunaemocts 41,3, Baskocts 0,9 -107 Ila'c, 2IEeKTPOKUHETHYECKHMI ITOTEHIUAN
16-MB.

Bapuanrt 5

5.1. 3apsna wactunsl Tuapo30ia SiO2 BO3HUKAET B PE3YyJIbTATE AMCCOLIMALMH
KPEMHHUEBOW KHUCJIOTHI, 00pa3yrouieiicss Ha MOBEPXHOCTH KOJJIOMJIHBIX YaCTHIl MpPHU
B3aUMOJEHCTBIM MOBEpXHOCTHBIX Mojekyn SiOz ¢ H 20. Hamucare dopmyny mu-
LEJJIBI 30J151.

5.2. Jlns onpeneneHus TOBEPXHOCTHOrO HATSHKEHHUS! BOJABI B3BELIMBAIOT KaIllH,
OTpBIBAIOIIMECA OT KaNWUIApa, U3MEPSAIOT AUAMETpP IIEWKU Karld B MOMEHT €€ OT-
priBa. Oka3zanock, 4To Macca 318 karnenb BobI paBHa S5 T, a JUaMETp LIEHKU KaIljy -
0,7 mM. PaccunraiiTe IOBEpXHOCTHOE HATSXKEHHUE BOBI.

5.3. Bpluucinure nNOBEpXHOCTHOE HATSKEHUE OJIEMHOBOW KHMCIIOTHI, €CIIU KOA(-
uImenT pactekanus eé 1mo Boxe paseH 72,5-107 JIx/M%, Mex(a3sHOE HATSKEHHE
cocrasisieT 0,016 JIx/m2.

5.4. Tlo ypaBHeHuto JleHrmMiopa BBIYHCIWTE BEIWYUHY aacopOluM a30Ta Ha
1eoauTe Npu aasienun p=1,5-102 u/m?, ecim o= 38,9-107 kr/kr, k= 0,156-102,

5.5. Bprunciaure 1o CpeIHEKBAaAPATHYHOMY CABUTY A 4acTULl TyMMUIyTa IO-
CTOSIHHYI0 ABOrajzpo, ecinu paauyc dyactui paseH 0,212 MM, a 3a Bpems 7 =1 MuH
yacrtuIia nepemMectiiaach Ha 0,65 mxm pu 17° C. Bsaskocts cpenst 7 = 1,1-107 Ia-c.

5.6. PaccunraiiTe 3JIEKTPOKMHETHYECKUN MMOTEHIMAN MOBEPXHOCTH KBApLA I10
JAHHBIM, TOJIYYEHHBIM MPHU KUCCIEAOBAHUM 3JIEKTPOOCMOTHYECKOTO MEPEHOCA JKU/I-
KOCTH 4epe3 KBapleByr MeMmOpany: cuia Toka 2-107° A, oObeMHas cKOpocTh pac-
tBopa KCl, nepenocumoro uepe3 memOpany 0,02 mi/c, yaenbHas 3J€KTPOIPOBOJ-
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HOocTh pactBopa 1,2:102 Cm'M!, Baskocts 2-1072 Ila-c, OTHOCHTENbHAS JAUDJIEKTPH-
yeckas nponunaeMocts 80,1.

Bapuanr 6

6.1. 301b As2S3 MOyYeH MPOIyCKaHUEM depe3 pa30aBiICHHBIN BOJHBINA PacTBOP
okcuaa Mbibsika /IL/, ctabunuzatopom 3oms sBisiercs HoS. Hanucate ypaBHeHue
peakuuu oOpazoBaHus 30115 U Gopmyiy munemisl. KakoB 3Hak 3apsijia KOJUTOUAHBIX
qacTuir?

6.2. Bpluuciure MOBEPXHOCTHOE HATSLKEHHE BOJbI, OMNPEICIIIEMOE METOJIOM
KalUIIpHOTo NOIHATHUS, eciau npu 298 K Boja nojHsiach B Kamujuisipe Ha BBICOTY
35,3 mm. JluameTp Kamwuisipa OMpeAesieH MyTeM H3MEpeHUsl NIUHBI CTOJOMKa U
Macchl PTYTH, 3aMOJHHUBIICH KaMWUIAp MOJ JAAaBJIEHUEM: JJIMHA CTOJIOUKA PTYTH CO-
crasuia 8,04 cM, macca ero 0,565 r. IlnotHocTs pryTH 13,54 1/cM? |, TIOTHOCTH BOJEI
0,997 r/em? .

6.3. PaccuuTaiite paboTy aare3uu riuiepuHa Kk 14%-HOMy Teito KeJlaTUHBI,
HaHEeCEHHOMY Ha mapaduH, ecu KpaeBoi yron pasen 69°. TloBepXHOCTHOE HaTsDKe-
Hue riuuepuna 63,4 mH/M. Haiinure koadduiuent pacrekanus riuiepuHa mo mo-
BEPXHOCTH TeJIsl.

6.4. ITo koucTanTam ypasHenus Jlearmiopa I'w = 18,2103 kr/kr u k= 0,1-1072 m?
paccuuTaiTe BEIMUMHY aJCOpPOLUHU YTIEKUCIIOro ra3a Ha akTUBUPOBAHHOM YTJIE TPU
JaBJIEHUH Ta3a, paBHOM 4-10° /M.

6.5. Paccuuraiite kodpduiuent nuddy3un 4acTuI] IbIMa OKCHIA IIMHKA TPH
panuyce r = 2-10°m; BazkocTs Bozayxa 7 = 1,7-10° ITa-c, remneparypa 283 K.

6.6. KakoBa monekyJisipHasi Macca HaTypaJlbHOrO Kaydyka, €ClIi MPHU €ro pac-
TBOPEHUU B OEH30JIe XapaKTepucTUdeckas BSI3KOCTh [#7] okazanoch paBHoi 0,126
M3/KT, KOHCTaHTBI ypaBHenus Mapka - I'yeunka K = 5-107 u a =0,67?

Bapuanr 7

7.1. 301 Cd(OH)> nmonyueH cMmemnienreM paBHbIX 00beMOB pacTBopoB CdCl u
NaOH. Hanucats hopmyiry Mutiesibt 3051s1. OJMHAKOBBI JIM UCXOHBIE KOHLIEHTPAIIUU
AJNIEKTPOJUTOB, €CIIN YACTHUIIbI JBUKYTCS K KaTOdy?

7.2. PaccuuTaiiTe MOJIHYIO TTOBEPXHOCTHYIO PHEPTHIO 5 T dMYJIbCUU O€H30ja B
BOJIE C KOHILEHTpauuei 75 % (MacCcOBBIX) M IUCIEPCHOCTHI0 D = 2 MKM™' nipu TeM-
nepatype 313 K. IlnoTHOCTH GeH301a IpH 5T0i Temneparype pasua 0,858 r/cm?, no-
BEPXHOCTHOE HaTsHKeHHe 6 = 32,0 M [k/M?, TeMneparypHbiii K03p(UIHEHT MOBEPX-
HOCTHOTO HaTshkeHus 6ensona do/dT = 0,13 mIIx/(m? K).

7.3. Paccuutaiite paboTy KOre3uM Ba3eJIMHOBOIO Macjia U pabdoTy aiare3uu K
TeJIIo JKETATHHBI, COPMUPOBAHHOMY Ha (TOpOILIACTE, ECIIU KpaeBoii yroi pasen 40°.
[ToBEPXHOCTHOE HATSKEHUE Ba3eIMHOBOro Macna 30 mJhx/m>.

7.4. Ilpu ancopOuuu cTeaprHOBOM KUCIOTHI HA CyJb(dare Kaablus U3 TOIYOJb-
HOTO pPAacTBOpa pa3IMYHOM KOHUEHTPALMHM TOJYyYEHbl CIEAYIOIIHUE 3KCIEpPUMEH-
TaJbHbIEC JAHHBIE:
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C-10°, kr/m® 2,5 5,0 7,5 10,0
[-10°, kr/kr 2,00 3,75 5,50 7,50
Onpenenute ynelbHYIO MOBEPXHOCTh aJICOPOEHTA, €CJIM M3BECTHO, YTO IUIONIAb,
3aHMMaeMasi OJJHOM MOJIEKYJION KUCIOThI B HACKIIEHHOM MOHOCIIOE, paBHa 20,5 (A°)?.
7.5. Onpenenute koddpdunment nuddys3un munemt mbuia B Bojae npu 313 K u
cpenneM paauyce munean » = 125-1071° m. Baskocts cpenst 7 = 6,5-107!° ITa-c, mo-
crosgHHasd bonsumana k = 1,38:102% JIx/K.
7.6. PaccuuTaiiTe MOJICKYJIIPHYIO MacCy MOJMBUHUIIOBOTO CIUPTa MO JAHHBIM
BHCKO3UMETPHUECKOTO METO/Ia: XapaKkTepucThuieckas Bs3kocTb[#] = 0,15; KOHCTaHTHI
ypaBHenns Mapka - I'yeunka K = 4,53-107, 0.=0,74.

Bapuanr 8

8.1. Onpenenurte >uepruro ['m60ca MOBEPXHOCTH 5 T TyMaHa BOJbI, €CIIH IO-
BEPXHOCTHOE HATSHKEHHE Kallelb KMAKOCTU cocTapiser 71,96 mJ[x/M?, a aucmepc-
HocTh yacTull 60 mxm . InoTHOCTL BOABI MpuMuTE paBHOM 0,997 r/cMm >.

8.2. 3omp Cd(OH); nonyuen cmemnienrueM paBHbIx 00bemMoB pactBopoB CdCl: u
NaOH. Hanucats popmyy Mutiesuibl 3051s1. OIMHAKOBBI JIM UCXOAHBIE KOHIICHTPAIUU
ANEKTPOJIUTOB, €CJIN YaCTHULII JBHKYTCS K aHOLY?

8.3. Briuncnure kpaeBoil yrosa, oOpazoBaHHbIN (OPMaMUIOM HAa MOBEPXHOCTH
KEJTATHHOBOTO TelIsl, €Cin paboTa aaresun cocraiser 48,7 mJIx/m?. [ToBepXHOCTHOE
HaTsDKenue popMamuaa paBHo 38,2 MK/ M.

8.4. Ilpu uccnenoBaHuu aacopOLMM CTEAPUHOBOM KUCIOTHI U3 €€ pacTBOPOB B
H-T€KCaHE Pa3IMYHbIX KOHIeHTpauuid C Ha MOPOIIKE CTAIU NOJy4YEeHbI PE3YJIbTATHI:
C-10 >, Mmosb/n 1 2 4 7 10 15 20 25
[-10°, kr/kr 0,74 0,86 1,00 1,17 1,30 1,47 1,60 1,70

PaccuuraiiTe yAelbHYIO MOBEPXHOCTh IMOPOIIKA CTalW, NMPUHUMAs IUIOIIAb
OJIHOM MOJIEKYJIBI CTEAPUHOBOM KMCIIOTHI B HACKIIEHHOM MOHOCI0oe 0,20 HM?.

8.5. CpeiHeKBaApATUYHOE 3HAUCHUE MPOSKIIUU CABUTA YaCTHUIIBI THAPO30J1s Si02
3a 3 ¢ cocraBmsgeT 8 MKkM. Omnpenenure paauyc 4acTHUIbl, €CJIA BSI3KOCTh JUCIIEPCH-
OHHOMH cpepl pasHa 1-107 Tla-c npu 293 K.

8.6. Ormpenenute MOJEKYJIAPHYIO Maccy IOJIMBHHMIIALETaTa B XJOpodopme,

UCTIONBb3Ys chenyronme aanusie: [n] = 0,340; koHcTaHThl ypaBHeHUs Mapka - ['y-
BuHka K =6,5-107, a = 0,71.

Bapuanrt 9

9.1. Onpenenure MOBEpXHOCTHOE HaTsbKeHHE OeH3oma mpu 293, 313 u 343 K.
[IpumuTe, 9TO MMONHASI TOBEPXHOCTHAS DHEPTUS HE 3aBUCHUT OT TEMIIEPATyphl U IS
Oensona pasHa 61,9 MJx/M>.

Temneparypusiii koddpoumuent do/dT = - 0,13 mx/(M*K)

9.2. 3071b cepHOKHUCIOro O0apus MOJTYUYEeH CMEIICHHEM PaBHBIX 00bEMOB PacTBO-
poB Ba(NOs)> u H,SO4. Hanmmcats dhopmyny mutiesibl. OAMHAKOBBI JIU UCXOIHbBIC
KOHIIEHTPAITUU PaCTBOPOB, €CIIA YaCTHIIBI 30J151 IEPEMEIIAOTCS K KaTOTy?
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9.3. Koa(hpuiment pacrekanus XJaopOeH30i1a Ha moBepxHoctd Bobl pu 20°C
cocrapiser 2,3 mMJDk/M?. Paccumraiite Mex(pasHOE HATSKEHME HA TPAHUIE JABYX
KUAKOCTEH, MPUHUMAs 3HAUYECHUsI IOBEPXHOCTHBIX HATSXKEHUU BOJBI U XJIOpOEH307a
cooTBeTcTBeHHO 71,96 1 35,97 MJ[x/M2.

9.4. JIlna BogHOrO pactBOpa mponuiaoBoro cnupra npu 295 K nalizens! cre-
nyrolye 3Ha4eHus: KoHCTaHT ypaBHeHus [llumkosckoro: b = 0,198, a = 0,151. BbI-
YUCJIUTE TTOBEPXHOCTHOE HATSHKEHUE PAcTBOpA MPHU KOHIEHTpAIMU CIUPTa, PaBHOM
0,5 KMOJIB/M>.

9.5. Ompenenure MPOEKLIUIO CPEAHETO CABUra A s YacTHUIl THAPO30JA 3a
BpeMs 10 c, ecniu paauyc yactun 0,05 MM, temnepartypa onbita 293 K, BA3KOCTb
cpensl 1-1073 TTa-c.

9.6. Beruucnure CKOpOCTh UCTEYEHUS BA3KOM KUIKOCTU M3 BUCKO3HMETPA Ye-
pe3 Kanuuisp, JuiiHa kKotoporo [ = 0,05 M, paguyc r = 25-10°m, nojx gaBieHueEM
P=980 ITa. Bsaskocts xuakoct 1 = 5-10~Ia-c.

Bapuant 10

10.1. PaccuuraiiTe moJIHYIO OBEPXHOCTHYIO SHEPTHIO 5 T 3MYJIbCHH O€H301a B
BOJIE C KOHLIEHTpaueii 55% (MacCOBBIX) U AUCIIEPCHOCTBIO 3 MKM™! IIpH TEMIIEpATYPE
313 K. ITmoraocts Gensona 0,858 r/cm’, mexdaszHOe NMOBEPXHOCTHOE HATSKCHHUE
26,13 mJIx/M?, TeMIepaTypHbIi KO3(G(PUIMEHT NOBEPXHOCTHOIO HATSHKEHHS OEH3071a
do/dT = - 0,13 m/Ix/(M? -K).

10.2. 301s AI(OH)3 nmonyyen cMmenieHreM paBHbIX 00beMoB pacTBOpoB A1C13 u
NaOH. Hanucate dhopmyny mutiesuis 3051, OJMHAKOBHI JIW HCXOAHBIC KOHIIEHTPAIIUH
ANIEKTPOIUTOB, €CIIN TIPH NEKTPOGOpe3e YaCTULIBI ABMKYTCSA K aHOTY?

10.3. DkcrnepuMEHTaIbHO MOMYyYEHO 3HaueHHe Kod(p(dUIMEeHTa pacTeKaHUs
renTa”ojia 1o Boje, paBHoe 37 MH/M. Paccunraiite mexda3Hoe HaTsHKEHUE Ha Tpa-
HUIIE BOAA-T€NTaHOJI, MPUHUMAs 3HAYCHUS IOBEPXHOCTHBIX HATSXKEHUU BOJIBI U Tell-
TaHoJIa COOTBEeTCTBEHHO 71,96 1 26,1 MH/Mm.

10.4. Beruucnure aacopOIyI0 MacisHOW KUCIOThI Ha MOBEPXHOCTH pasjelia
BoaHOro pacteopa ¢ Bosmyxom npu 0° C u kornentpamuu C = 0,1 xMmons/M°, ecan
KOHCTaHThI ypaBHeHMs [1IukoBckoro B 3ToM ciydae coctabiisitor b=0,22, a=0,0165.
[ToBepxHOCTHOE HATSHKEHHE BOABI paBHO 75,49 MH/Mm.

10.5. Onpenenure BBICOTY, HA KOTOPOU TOCII€ yCTaHOBIIEHUS TU(B(PYy3MOHHO -
CEMMEHTAIMOHHOTO PABHOBECHUSI KOHIICHTpAIMs 4YacTull TuaApo3osis SiOz yMeHb-
wuTcs BABOE. YacTuibl 30515 chepuueckue, TucnepcHocTsb yactuil: a) 0,2 um!; 6) 0,1
am'; B) 0,01 am! . ITnotroCTh Si02 2,7 /cM?, utotHOCTE BoAk! 1 I/cM?, TemmepaTypa
298 K.

10.6. Onpenenure BA3KOCTh MAIIMHHOTO MACJIA, €CJIM YEPE3 KANMWILIAP JINHOU

6CcM ¥ IMaMETPoM | MM OHO MPOTEKAET cO CKOpocThio 2,04-107 cm’/c, mox masie-
HueMm B 100 I1a.
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Ps0yxoBa TarbsiHa OsieroBHa

KOJIUVIONJAHAA XUMUSA

Yy4eOHOE 110cOo0ue

OTtBeTcTBeHHBI 32 BbIMyck Psoyxosa T.O.
Opurunan-maket PsOyxosa T.O.
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